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10 INTRODUCTION 
101 Object and Scope 
The design of reinforced concrete slabs reinforced in two directions, 
more commonly designated as Utwo-way slabs il , is made in the United States 
according to the provisions. of the two methods presented in the uBuilding 
Code Requirements for Reinforced Concrete" of the American Concrete Instituteo 
The fact that two different methods are presented in the Code and 
the observation of their particular characteristics lead the average designer, 
unfamiliar with the origin and derivation of the methods, to beli~ve that 
* Method 1 (1) is a general method of design to be used for slabs Compo sed of 
any arrangement of panels and subjectea.-to any pattern bl'loaaing, -by means 
of which the design mome.nts corresponding to the particular structure in 
question may be determined accur?telyo On the other hand, Method 2 (2) is 
regarded as just a simplified method of design to be used for ordinary 
structures,· and one which presumably yields in all cases design values con-
servative enough to cover the moment requirements for any particular condition 0 
This is, however, a false impression, since the differences between 
the two methods are greater, and of a more basic nature, than the apparent 
difference in scope 0 Since these basic differences ordinarily are not fUlly 
understood, the selection of a method of de·sign is likely to be based on 
personal preference, without reasonable justification of the suitability of 
the procedure selectedo 
Furthermore, application of the two methods recommended in the 
Code to the design of a particular slab leads frequently to different 
* Numbers in parentheses refer to corresponding entries in the list of 
References. 
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1 
results a The question arises then as to which of the two sets of values is 
the most adequate to represent the design requirements of that particular 
slab" 
Taking into account these problems, a comparative study of the 
different design procedures was undertaken to establish more clearly the 
differences existing between the methods, not only as regards the results 
obtained through their application, but mainly as to the reasons for the exist-
ence of these differences" It is hoped that this study will provide a basis 
for a reasonable discussion of the relative merits and deficiencies of the 
different methods used for the design of reinforced concrete slabs reinforced 
in two directionso 
In addition to the two methods of design presented in the ACI Code, 
two other methods which have been proposed for inclusion in the Code were also 
considered in this investigation" These are the Modified Elastic Theory 
Method (3), which will he referred to as the MET method, and the design pro= 
cedure recommended by Ne"Wmark and Siess (4) 0 Furthermore, as steps in the 
development of ACI Method 2 and the MET method, respectively, the procedures"" 
of design recommended by Westergaard (5) and Marcus (6) were considered also 
in this investigation" 
The comparisons made in this study are of three general types: 
(a) Numerical comparisons of the moment values obtained through 
application of the several methods to slabs with different conditionso 
(b) Comparisons of the yield load capacities, and the type of 
yielding to be expected, for slabs designed according to" the different 
methods 0 
( c) COIllparisons of the fundamental assumptions on which the methods 
are basedo 
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The comparisons of the first type, which include comparisons of 
design moments in the middle strips, total moments across the slab panel, 
beam moments) and combined slab plus beam moments, at the critical sections 
of a slab, were made to establish the differences in the values obtained 
using the methods studied, to see how big these differences are, and to 
determine where, and under which conditions) these differences are greatest~ 
The comparisons of the second type were made to establish the 
probable type of failure of slabs designed according to each of the methods 
considered) and their relative factors of safety against yielding 0 
The third type of comparisons, which constitute the main part of the 
study, were made to determine the reasons behind the differences found in 
the application of the different methodso Their purpose was to show if the 
differences found are the result only of different assumptions regarding the 
number, range or relative effect of the variables considered by each method, 
or if they imply further a fundamental difference regarding the selection of 
the characteristics of the behavior of a slab under loading which must be 
considered in designo This part includes studies of the development of the 
different methods, of the fundamental principles on which they are based, of 
the variables considered and their range in values, and of the manner in 
which they are taken into consideration in design 0 
102 Notation 
In a study of the type made in this investigation, it is convenient 
to facilitate the back reference to the original sources of the material on 
which the investigation is based; consequently, it was decided to maintain 
throughout this study the notations used in the original development and 
presentation of each of the methods consideredo Since these notations 
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correspond closely to the particular characteristics of each method studied, 
in most cases they apply exclusively to the particular method in question. 
As a result, no apparent advantage was seen to collecting in one section all 
the symbols used in this study 0 
To avoid unnecessary confusion, it was considered more convenient 
to present the corresponding notations in those sections in which each 
particular method is discussed in detail 0 The notations corresponding to 
the different methods are presented in the following sections: 
For ACI Method I, Sections 2 .. 2 and 8 .. 203 
For ACI Method 2, Sections 2.3 and 8.3.2 
For Modified Elastic Theory, Sections 2 .. 4 and 8.403 
For Newmark-Siess, Sections 2 .. 5 and 8 .. 5 .. 3 
The notation used in the comparisons of design moments is pre-
sented in Section 3.2, and that used in the eValuation of yield loads in 
Section 7 .. 2. 
103 Acknowledgments 
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20 DESCRIPTION OF DESIGN PROCEDURES CONSIDEF~ 
201 Introduction 
This chapter contains a description of the four different design 
procedures considered in this investigationo It is intended to be used as 
a ready reference for the studies covered in subsequent chapters~ and as 
such, is based entirely on the provisions given in the present or the 
proposed design specifications" Its purpose is to show how the moments at 
the critical sections are computed.9 which are the significant variables 
directly included in the application of the methods, how they are taken into 
account in determining the moment coefficients and which are the limitations 
in the applicability of the methods 0 It "Will show also how the different 
methods deal with the distribution of moments across a sectionJ the distri-
bution of loads to the supporting beams and the determination of the critical 
beam momentso 
*. 
202 ACI Method 10 
In this method the total bending moments in each panel direction 
are determined at the criti~al sections by using the coefficients prescribed 
-*",* for one-way construction in Sections 701 and 702 of the Codeo These total 
moments are then distributed between the slab and the beams parallel to the 
direction considered in proportion to the coefficients C and (l-C) given 
in Tables 1. and 2, respectively, of Reference 10 Therefore y moments are 
computed by means of these two formulas~ 
* 
** 
For a detailed description of this method see Reference 10 
The Code refers to the IlBuilding Code Requirements for Reinforced Concrete ff 
of the American Concrete InstituteJ (ACI 318-56)0 
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Bending Moment" for slab strip: M = CBWL 
Bending ~oment for beam:: M = (I-C) BWL 
where L = clear span in the direction considered 
w = total uniform load between opposite supports on slab 
strip of any width, or total slab load on beam when 
considered as one-way construction 
B = bending moment coefficient for one way construction 
C = factor indicating the proportion of the total bending 
moment carried by the slab 0 
The factor C depends essentially on the relative stiffnes~, of the 
slab in the direction considered, and is expressed in the Code as a function 
of a par~eter r, which is defined as r = ~L' . , where g represents the ratio 
, . gl l' . 
of the distance between the lines of inflection to the clear span length L, 
when only the span under consideration is loadedo gl and ~ represent the 
corresponding values for the span in the perpendicular direction. 
The value of r depends basically on two factors: 
(a) the shape of the panel, represented by the ratio of the length 
of the span considered to that of the span perpendicular to it; 
(b) the location of the panel in the slab, which determines the 
conditions of continuity at the supports 0 
In the general case, the location of the lines of inflection is 
to be determined by an elastic analysis of the continuous structure in each 
direction, when only the span under consideration is loaded. But for slabs 
where the span considered is at least 2/3 and a;tmost 3/2 of the adjacent 
continuous span or spans, the elastic analysis need not be made, and g 
can be taken directly from the Code as being equal to 0087 for exterior 
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spans and 0076 for interior spans 0 For spans discontinuous at both ends 
g is obviously equal to loOOe 
Negative bending moments at the faces of interior supports are 
computed using the average value of the expressions CW, J and the average clear 
span length, for the two spans adjacent to the support consideredo Negative 
moments at non-continuous edges of a slab are not computed directly, since 
the Code requires only provision of an area of negative moment reinforcement 
," 
per unit width equal to at least one-half that required for maximum positive 
moment 0 
The areas of steel reinforcement necessary to resist the computed 
moments are to be distributed uniformly throughout the sections consideredo 
Only in the case of slab strips adjacent to a continuous edge the area of 
positive reinforcement may be reduced 25 percent, for a width not exceeding 
one-fourth of the shorter panel dimension 0 To insure a minimum of plate 
action, the Code requires the area of steel reinforcement per unit width in 
the long direction to be at least one-third that provided in the short 
direction 0 
The shear at any section of the slab or beams may be determined 
by multiplying the total load W on the slab strip or. beam considered by the 
corresponding factor Cs or Cb, respectivelyo These factors are given in 
Tables 1 and 2 of Reference I as a function of the parameter r, for sections 
located at'the tenth points of the spano 
Moments for the middle strips of the slab are computed in this 
method by means of the general formula: 
* See Reference 2 for a detailed description of this ~ethodo 
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2 M = CwS , where 
M = moment at the critical section considered 
C = coefficient given in Ta.ble 3 of Reference 2 
'W = total uniform loa.d per sq. ft .. 
S = length of the short span. 
The moment coefficient C is given in Table 3 as depending on 
four factors: 
(a) the critical section studied: midspan, continuous edge, 
discontinuous edge 
(b) the direction considered: short span or long span direction 
(c) the type of panel: five types of panels are distinguished in 
this method, from an interior panel (continuous at all sides) 
to an isolated panel (discontinuous at the four edges) 
(d) the shape of the panel, represented by the parameter m ex-
pressing the ratio of the short span to the long span ~engthso 
It should be noted that the value of C for moments in the long 
span direction is independent of m, and that it is also constant for moments 
in the short span direction when m i,s equal to or smaller than 00 50 
To take into account the non-uniform distribution of moments across 
a section, this method considers the slab divided in strips in each direction, 
as follows: 
itA middle strip one-half panel in 'Width, symmetrical about panel 
centerline and extending through the panel in the direction in which moments 
are considered. 
A column strip one-half panel in 'Width, occupying the two quarter-
panel areas outside the middle stripo 
Where the ratio of short. to long span is less than 0.5, the middle 
strip in the short direction ~hall be considered as having a width equal to 
-9-
the difference between the long and short span, the remaining area representing 
the two column strips .. " (2) 
The average moments per foot of ~dth at the column strips are 
assumed to be two-thirds of the corresponding values for the middle strips 0 
In distri~uting the steel in these column strips :the Code allows a variation 
in the spacing of th~ reinforcement from a minimum distance near the edge of 
the middle strip to a maximum at the edges of the panel 0 
In determining negative moments, when the computed value on one 
side of a support is less than 80 percent that on the other side, two-thirds 
of the difference must be distribU'~e.d in proportion to the relative stiffuesses 
of .the slabs 0 The Code does not specifY here what to do when the difference 
betw~en the two moments is less than 20 percent, leaving then to the individual 
the. choice of designing for the maximum or for the average of the two values 
obtained .. 
To determine the loads :acting on the supporting beams, each panel 
is divided into tributary areas by 45 degree lines from the corners and the 
median line of the panel parallel to the long edges" The loads acting wi thin 
each of these tributary areas are assumed to be carried by the corresponding 
beam at the edge of the panelo 
In computing the bending moments in the supporting beams due to 
the resulting triangular or trapezoidal loads, the Code allows the use of 
the f~llowing equivalent uniform loads: 
fer the short span: 
for the long span: 
ws 
3 
2 
ws (3-m) 
3" 2 
* 2 0 4 Modified Elastic Theory Method (MET Method) 
The Modified Elastic Theory Method. is very similar in presentation 
* The provisions of this method 'are .reproduced integral~y ~n the Appendixo 
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to Method 2 of' the ACI. As i'n that method, bending moments in the slab are 
computed by means of a general formula: 
2 M = CwL , where 
M = the moment at the $ection considered 
C = the corresponding moment coefficient as given in Tables 2, 3, 
or 4 of Reference 3 
w = the uniform load per sq. fto 
L = the clear span in the direction considered. In this method the 
short span is designated by A and the long span by Eo 
In spite of the similarity in preseritation, the methods differ from 
each other in the following points: 
(a) In the MET method, the moments acting on a certain direction of 
the span are expressed as a fUnction of the ~span length in the direction con-
sidered, while in Method 2 they are always expressed as a function of the 
short spano 
(b) While in Method 2 slab moments are computed using for,!. the 
total load acting on the panel, in the MET method a distinction is made, ror 
positive moments only; between dead and live loads and accordingly two 
different tables are given for the positive moment coefficientso 
(c) In considering panelp discontinuous at one, two or three edges, 
the MET method trures into account the direction in which the discontinuities 
occur, and therefore distinguish between the nine different cases of con-
tinuity that can be obtained in a rectangular slabo On the other hand, ACI 
Method 2 considers only five cases, since it takes into account only the 
number of discontinuous edges, irrespective of their relative positionso 
Therefore, in this method the moment coefficient C depends basically 
on the following four f~ctors: 
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(a) The type of moment in question: positive or negativeo 
(b) The conditions of continuity at the edges, as represented by 
one of the nine ,cases recognized in the methodo 
(c) The direction considered: short or long span. 
(d) The ratio of sides m = A/Bo 
'. 
The coefficients for positive moments at midspan and for negative 
moments' at continuous edges are given in Tables 2, 3, and 4 of Reference 30 
Negative moments at discontinuous edges are assumed equal to three-fourths 
of the corresponding positive momentso 
For the distribution of reinforcement across a section, the slab is 
divided into strips in the same manner as in ACI Method 20 However, for ratios 
of sides lower than 0.5, the slab is to be designed as in one-way construction, 
~th only this additional requirement: negative reinforcement must be pro-
vided along the short edges as require~ for a panel with ratio of sides equal 
The values derived from the general formula represent average moments 
for the middle strips 0 At the column strips, moments gradually decrease from 
the full value MA or ME at the edges of the middle strip to one-third of 
these values at the edges of the panelo 
The provision referring to the balancing of negative moments at 
interior supports is similar to that specified in Method 2, except that here 
the entire difference in moments must be distributed between the two adj"acent 
panels 0 
The provisions dealing with the computation of slab shears and 
loads on the supporting beams are also somewhat different from those given 
in Method 20 In the MET method, the total load on the slab (deal load plus 
live lo&d) is assumed to be divided between the short and the long dir~ctions 
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according to the corresponding coefficients wA and wB' given in Table 1 of 
Reference 30 These coefficients are a function of the conditions of con-
tinuity.of the panel and the ratio of sides A/Bo However, for the beams 
spanning in the short direction, this method assigns a minimum load equal to 
that acting on the area bounded by 45-degree lines from the corners o And 
for these short beams, the equivalent uniform. load wt may be used, as in 
Method 20 For the beams in the long span direction the computed loads may be 
considered uniformly distributed throughout the span & 
205 New.mark-Siess Design Procedure 
Two types of construction are considered separately in this method~ 
Case A, including "slabs supported on reinforced concrete beams built mono-
lithically with the slab, or steel beams encased in concrete placed mono-
lithically 'With the slab, in which case the beams provide restraint against 
rotations of the edges of the slab fi (4), and Case B, covering "slabs supported 
on steel beams, not encased in concrete placed monolithically with the slab, 
in which case the beams provide no restraint against the rotations of the 
edges of the slabu (4) .. 
Although two methods of design are mentioned in the proposed 
specification, in this discussion we will consider only the second one, which 
is to be used when the slab in question falls within certain limitationso The 
first method, suitable for any type of two-way slab construction, requires 
only the iiapplication of the principles of continuity, using recognized 
methods of structural ahalysisrt (4) 0 
following: 
The limitations governing the use of the second method are the 
(a) The slab must be continuous. for at least two spans in each 
direction 
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(b) adjacent panels may not differ in length by more than one~half 
of the shorter span 
(c) the live load must be uniformly distributed throughout the area 
of each loaded panelo 
Bending moments in the slab are computed by means of the general 
formula: 
2 M = Cwb , where 
C = the corresponding moment coefficient, as given in Table lA or 1B 
of Reference 4 
w = the load per unit area 
b = the span in the short direction 0 
For slabs included in Case A, the coefficient C is independent of 
the relative position in the slab of thep~el in question, and is t~~fore~ 
just a :rUD.ctio'n -of the ratio of sides and of the direction and .land of m~ment 
considered. However, for slabs under ~ase B, the- location of the panel in 
i;;he slab becomes also a factor, and thus the method distinguishes four cases 
of continUity: interior p~el, edge panel with ~ne short edge discontinuous, 
edge panel with one long edge discontinuous and co:r:ner panel .. 
Negative moments at discontinuous edges of slabs belonging to 
- -Case A must be take~ equal to two-thirds the values given in Table lA for 
negative moments over interior beamso For slabs under Case B, the moments 
at discontinuous edges may be taken equal to zero if there is no restraint 
at these edges 0 However, if at these locations the supports meet the re-
quirements for Case A, the negative moments at the discontinuous edges should 
then be taken as two-thirds of the corresponding negative moments given in 
Table lA, and all other moments in the slab must be computed based on the 
coefficients given in Table lB for an interior panelo 
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Values derived by application of the general formula- represent in 
each case average moments over the entire width of the slab 0 In order to 
_ distribute these moments, the slab is divided in middle and column strips in 
the same manner as in ACI Method 20 The average moments per foot of width 
for the middle and the column strips must then be taken as 1025 times and 0075 
times, respectively, the computed average momento 
In placing the reinforcement across a section, any reasonable distri-
bution of moment may be considered, provided the following three conditions 
are met~ 
It (1) The moment is least at the edge of a panel and increases toward 
the center., 
(2) The moment at the edge of a panel is not less than one-half the 
average moment from Table 1A or 1B 0 
(3) The average moment across each strip is not less than that 
determined from the table It 0 ( 4) 
When the computed moments at both sides of an interior support differ 
materially from each other, Ittwo-thirds of the unbalanced negative moment in 
Case A and all of the unbalanced negative moment in Case B shall be distributed 
to the two spans -in proportion to their respective stiffnesso rl No adjustment 
is specified for positive momentso 
For slabs under Case B, this method requires the use of special 
reinforcement at the- exterior corners, in a way similar to that specified in 
the present Code for slabs not securely attached to the supporting beamso 
To determine the loads acting on the supporting beams, Newmark and 
Siess recommend the pro~edure of tributary areas specified in Method 2, and 
similarly allow the use of equivalent uniform loads for both short and long 
span. >'directions 0 However, a major modification is made in this procedure ~ 
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moments and shears in the supporting beams must be computed following the 
provisions for one-way construction given in Sections 701 and 702 of the 
Code, for a uniform load equal to Q times the equivalent uniform load deter-
mined by the corresponding formulao The parameter Q is taken equal to 008 
for the beams in the short span direction, and for those in the long direction 
it is assumed to vary linearly from 0~8 to 1.0 while the ratio of sides of 
the panel decreases from 1.0 to 0.5. 
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3 0 EVALUATION OF NUMERICAL RESULTS 
301 Introduction 
I~ order to establish the differences in the results that can be 
obtained by use of the four different design methods considered in this 
investigation, the values of the design moments at the critical sections of 
slabs with typical conditions of continuity are presented in this chapter 0 
Four values have been determined for each of the critical sections 
of the slabs considered: 
(a) moment per unit width of slab in the middle strip, 
(b) total moment across the entire panel width, 
(c) moment in the supporting beams, 
(d) sunnnation of moments in panel and supporting beams. 
Most of the two-way concrete slabs built in practice belong to one 
of two general groups: 
Group A: slabs supported on concrete beams, and built monolithically 
with themo 
Group B: slabs supported on steel beams. 
Of the four design procedures covered in this study, only the 
Newmark-Siess method considers specifically this distinction. Both ACI methods, 
and presumably also the MET method, include an additional provision for 
special reinforcement at the corners of slabs belonging to Group B as the 
only distinction between the two groups. The calculations carried out in 
this study, particularly those concerning beam moments, were made on the 
assumption that the slabs dealt with belong to Group A. However, the values 
of moments per unit width of slab and total moments across the panel apply 
also for slabs supported on steel beams, except that the additional 
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reinforcement that must be provided at. the corners of slabs belonging to this 
group is not included in the vBlues presented hereo 
Although an infinite number of different panel conditions may 
occur in. slabs due to the innumerable possibilities of distinct panel 
arrangements, it can be assumed that any particular panel condition may be 
• represented adequately by one of the following six ,types of slabs: 
(1) an interior panel 
(2) ·an edge panel 
(3) a corner panel 
( 4) an interior panel in a single row of panels 
(5) an end panel in a single row of panels 
(6) an' isolated panel 
However, due to the dissimilarity in the support conditions of the slab in the 
two panel directions for types 2, 4 and 5, it becomes necessary to specify 
in these cases the direction that is being considered. T.hus, the six types 
of slab mentioned above represent in reality nine different span conditions, 
which correspond exactly to the nine cases considered in the MET methodo 
I 
ACI Method 1 specifically distinguishes these Six types of slabs 
in Figo 1 of (1), where the values of the parameter ~ corresponding to these 
six cases are presented; ACI Method 2, on the other hand, considers only 
five types of slabs, the criterion of distinction being solely the number of 
discontinuous sides occurring in the panel in quest;i.on. Thus, no distinc·tion 
is made between types 3 and 4 aboveo And finally, the des~gn procedure pro-
posed by Newmark and Siess, which is applicable only to slabs at leas:t two 
panels long in each'direction, recognizes exc~usively types 1, 2, and 30 
It should be pointed out that 'although the actual values qf the 
negative moments at a continuous edge .are influenced to· some extent by the 
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shape, dimensions' and 'loading of the adjacen~ panels, the values pre\s~ted in, 
this chapter, which are based exclusiv~ly on the characteristi'cs of the 
panel in question, constitute an adequate basis of qomparison for' the differ~nt 
design methods, sinc~ the corrections that 'Would have to be made iIi these 
computed values to take into account the effect of adjacent panels would be 
of a similar nature in, all four methods .. 
Moments in both the short and long spans have been computed in this 
chapter for slabs with side ratios varying from 0.5 to 1 .. 0 in increments of 
0010 It was considered that slabs with a ratio of sides smaller than. 00 5, ' 
although actually carrying the applied load in the two panel directions, can 
be designed safely and economically enough as one-way slabs, provided 
ad~tional reinforcement is placed to resist the negative moments developed 
along the short beams. 
In the follow'ingsections, the actual procedures employed to compute 
the moments correspol+ding to each case will be described briefly, since the 
general features of the application of the four design methods have been 
discussed already in Chapter 20 Moment values resulting from requirements 
other than those expressed directly in the basic moment formulas given by 
each method will be so indicatedo 
In order to facilitate the comparisons of the moments derived 
using the four different design methods, they are all expressed as functions 
of the uniform load and the length of the panel in the short span directiono 
In this re$pect the following observation concerning the definition 
of span becomes necessary here. While in ACI Method 1, the MET Method, and 
the Ne~ark-Siess design procedure for Case A slabs, the span represents 
the clear span dimension, in ACI Method 2 and the Newmark-Siess procedure 
for Case B slabs, it represents the smaller of these two dimensions: the 
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distance center to center of supports or the clear span plus twice the thick-
ness of the slab 0 However, no particular attention has been given in this 
study to this minor difference ~ 
302 Notation 
~ The following symbols are used throughout this chapter: 
w = uniform. load per unit area 
a = length of span in long direction 
b = length of span in short direction 
m = ~ = ratio of sides 
M = moment per unit width of slab in middle strips in the 
direction of the short span 
Mt = total moment across the entire panel width in the direction 
of the short span 
~ = beam moment in the direction of the short span 
Ml~ ~"'~ = corresponding values in the direction of the long- span 
All other symbols used in this chapter have the same meaning here 
as in the .corresponding design method, and the ~eader should refer for their 
interpretation to the appropriate section in Chapter 20 
303 Moment Values from ACI Method 1 
30301 Slab Moments per unit width at critical sections 
As indicated in Section 2.2, moments per unit width of slab are 
obtained in this method by means of the expressions: 
which, with the notation used in this chapter pecome: 
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and , 
if L is assumed to represent always the short spano 
In actual design practice, the values of C and Cl corresponding to 
the slab in question would be determined simply by interpolation from the 
values given in Table 1 of (1), once the corresponding value or ~ had been 
evaluated 0 However, to eliminate the effect of round-off errors, and to 
facilitate checking of the numerical operations, the values of C and Cl have 
been computed in this study directly from the expressions derived by DiStasio 
and Van Buren, which are discussed in Sections 80205 and 802070 The results 
of these computations are summarized in Table 10 
All information necessary to evaluate the moments at the critical 
sections is presented in Table 20 This table includes, for each of the nine 
different panel cases mentioned before, the value of ~ expressed as a function 
of the ratio of sides!!!, and from which the corresponding values of C and Cl 
can be obtained from Table 1, and the values of the coefficients B for the 
moments at the critical sections in both panel directions 0 .The information 
presented in this table has been obtained by direct application of the 
provisions in the Code, and thus, should r.equire no explanation 0 However J 
two points should be noticed in connection with the coefficients listedo 
First, Method 1 specifies the use of the moment coefficients for 
one-way construction recommended in Sections 701 and 702 of the Codeo HoW'ever, 
the coefficients listed in these sections apply only for two or more con-
tinuous spans of approximately the same length, and with a live load-dead load 
ratio not greater than threeo It is not clearly stated in the Code whether 
these reqUirements are intended to apply also in the case of two-way slabso 
Although they will probably be satisfied in most cases, no indication is 
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given on how to proceed if they are not 0 It seems logical to assume that 
for those cases not covered specifically in these sections, the corresponding 
moment coefficient should be determined from an elastic analysis of the 
actual structure when loaded to obt~in a maximum value at the section con-
sidered. On this basi?, the coefficient 1/8 was chosen for the positive 
moment in spans discontinuous at both sides .. 
The second point concerns the value of the negative moment at a 
discontinuous e,¢ige.. Paragraph (c) 3 of' Method 1 in the Code requires an area 
of'negative moment reinforcement per unit width equal to at least one-half 
that required for positive mo~ento But Section 701(c) of the Code recommends 
a negative moment coefficient at the interior face of an exterior support 
eq~al to 1/24 for members built integrally with their supporting beam:s or 
girders 0 This requirement overrides that mentioned above in all cases, except 
when ~he span c'Onsidereq. is s,imply supported at both edges.. In this ca.se 
- . 
the value 1/16,-obtained as one-half of the positive moment coefficient 1/8, 
should be used instead of the value 1/24 prescribed in Section 701 .. 
The'moments obt8.ined·for the six different types of slabs considered 
in this method are presented in Tables 3 through 8 ~ The requirement of a 
minimum amount of reinforcement in the long direction equal to one-third 
that in the short direction has been considered also in presenting these 
values, and the necessary adjustments have been made. _ Whenever this require-
ment governs, the tabulated value has been marked with an asterisk. 
30302 Total moments across panel at critical sections 
According to this method, the slab must be reinforced uniformly 
throughout the width of the panel to resist the computed moments. However, 
tithe area of positive moment reinforcement adjacent to a continuous edge only 
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arid for a width not exceeding one-fourth of the shorter dimension of the panel 
may be reduced 25 percent 0 It (1) 
The total moments acting across a section can then be found on the 
basis of the computed unit moments by means of the, following expressions~ 
In 'short span direction In long span direction 
Negative Momentso ; 
Positive Mamentso Span in the perpendicular direction is ~ 
(a) Continuous at both sides~ 
(b) Discontinuous at one side~ 
(c) Discontinuous at both sides: 
~ = M(a - E.) 2 
M
P 
= M(a - *) 
J'=Ma=M'E. 
m ; ~ = ~b 
The moments resulting from these expressions are presented in 
Tables 3 through 80 
Beam moments can be obtained by direct application of the· formulas 
given in the Codeo With the notation used in this chapter) these are: 
For the beams in the direction of the short span: 
For the beams in the direction of the long spaq: 
The values obtained from these expressions are the sums of the moments in the 
two beams spanning in the direction considered, due to the load acting on 
one panel only 0 
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All information necessary to compute the beam moments is given in 
Tables 1 and 20 Since the supporting beams have the same restraint conditions 
at the ends as the slab spanning in the same direction, the values for the 
coefficient B given in Table 2 apply for both beams and slabs, with one 
exception: the negative moment coefficient at the interior face of an 
exterior support becomes 1/16 instead of the value 1/24 used for slabs. 
The computed beam moments are presl=nted then in Tables 3 through 80 
These tables include also the sums of ·the computed moments for slab and beams 
at the critical sections. These sums represent the total moment in the 
0\ 
structure in the direction considered. 
304 Moment Values from ACI Method 2 
304 .. 1 Slab moments per unit width in middle strip 
These moments can be obtained directly from the coefficients given 
in Table 3 of Reference 3 by the following expression:' 
, 2 M=Cwb 
Although no furth~r transformation of the coefficients given in 
that table,is necessary, to· facilitate their comparison with the moments given 
by other methods they at'e_ prese~ted here in Tables 9 through 14 in an arrangement 
similar to that. used' in Table.s 3 through 8 :fer the-'results ~ained 'With 
ACI Method 1 .. 
It should be noted that since ACI Method 2 considers only five 
different cases, based on the number of discontinuous edges in the panel but 
without regard to their relative location in the slab, the values presented 
in Table 12 for a slab discontinuous at two opposite edges are, equal to the 
corresponding values given previously in Table 11 for a corner panel. It 
should be noted also that the coefficients for the ~oments in the long span 
are constant for each case, and thus are independent of m. 
30402 Total moments across panel at critical sections 
The values presented above are for the middle strip of the slab only" 
Since average moments equal to two-thirds the corresponding values at the 
middle strip should be used for the column strips the total moment acting 
across a sectibn can be found from the unit moment in the middle strip by 
means of the following expressions: 
Moments in short span: (b? Oo5a) 
.~ a 2 a i i b M"- = M - + -,M - = Ma = - M 2 3' 2 m 
Moments in long span: 
Values of ~ and ~ derived from these expressions are presented in Tables 9 
through 140 
According to the system of tributary areas used in this method to 
distribute the panel loads to the supporting beams, these loads are a fun~tion 
only of the dimensions of the panel and the ratio of sides, but are independent 
of 'the conditions of continuity at the edges of the panelo 
Based on the equivalent uniform loads recommended in the Code, the 
following expressions are obtained for the beam moments: 
Beams in the short span direction: 
where B 'is the moment coefficient for the corresponding section, as given in 
Section 701 of the Code and presented here in Table 20 Note that ME is in-
dependent of the ratio of sidesm in this case. 
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Beams in the long span direction: 
2 3; 2 ~ 2 wb ( 3-m ) a2 B -m wb3 B = = 3 2 
-:xn
2 
The moments obtained using these expressions are presented in 
Tables 9 through 14. The sums of the total -panel moments plus the cO;r:res-
ponding beam moments at the critical sections are also given. 
305 Moment Values from Modified Elastic Theory Method 
30501 Slab moments, per unit width in middle strip 
AS indicated in Section 2.4J bending moments per unit width of 
slab are comput~d by means of the general formula 
which, with the notation used in this chapter, becomes: 
F t 't-. h t '. M· _- C .T .• T .0.2 or . ue s· or span."
For the long span: ~=, C w a2 = C2 wb2 
m 
Values for the coefficient C are listed in Tables 2, 3 and 4 of 
the proposed specifications (':3) 0 As mentioned previous~y, 'separate values 
are given in this method for the positive'moment coefficients corresponding 
to dead and live loads" Thus, posi ti ve moment values have been computed 
according,to these two coefficients for the ~ine panel cases considered in 
this method, and are presented in Table 15. They repre~ent the limiting 
values 'that may be obtained when the ratio of live load to dead load varies 
from zero to infinitYD 
However, tq obtain values more representative of the moments 
occurring ~n ordinary slabs ,and which could be comparable with those derived 
usin~ other design procedures where this distinction between dead a.p.d li ,ie load 
is not made, combined moments have been computed for two values of the live 
load-dead load ratio: 3 and 10 These two val~es may be considered to re-
present the lind ts in the range of this ratio fOf common slab structures 0 
Moments obtained· following the requirements of this Illethod are 
presented in Tables 16 through .20 for slabs with a live load-~ad load ratio 
equal to three, and in Tables 22 through 26 for those with a ra.tio equal to 
one 0 It should be noted that the values of the negative moments in the slab 
at continuous edges and the beam moments at all critical sections are ~ 
dependent of the ratio of live load to dead load, and thus, they are the same 
in corresponding tables. Values presented in Table 21 for isolated panels 
are applicable to slabs with any live load-dead load ratio, since the same 
positive moment coefficients are given in this case for both dead and live 
loads 0 Negative moments at discontinuous edges were taken mall cases equal 
to three-fourths of the corresponding positive moments, as recommended in 
the proposed method. 
305.2 Total moments across panel at critical sections 
The expressions given above yield mome;nts per unit width in the 
middle strip. Since the average mOments in a column strip must equal two-
thirds of the corresponding'values in the middle strip, the total moment 
across a section may be obtained as a function of the unit moment in the 
middle strip by means of the expressions presented in Section 304.2 for the 
corresponding moments according to ACI Method 2: 
in short span: !? = .2 E. M 6m, 
in long span: ~= i b Ml 
Moments corresponding to slabs with live load-dead load ratios 
e'l.ual to 3 and 1 have been computed in this manner and are presented in 
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Tables 16 through 20 and 22 through 26, respectively. Moments in Table 21 
apply to slabs with any live load-dead load ratioo 
According to the provisions of this method. the total panel load 
(dead load plus live load) is distributed to the supporting beams in proportion 
to the coefficients wA and wB presented in Table 1 of (3). Bending moments 
are then computed on the assumption of uniform. distribution of lO'ading on 
these s~~porting beams. 
However, an additional provision requires the 1600 carried by the 
beams spanning in the short direction to be not less than that corresponding 
to their tributary areas·, which" as in ACI Method 2, are defined by 45-degree 
lines from the corners.. And for these short beams, an equivalent uniform. load 
equal to wb!3 is to be used. 
This provision has been interpreted by the writer as indicating that 
the moments for the short beams should not be smaller than those derived on 
the basis of the recommended equivalent uniform. load. This interpretation 
avoids the discontinuity in values that will occur if the equivalent uniform. 
load is used only up to that point where the portion of the panel load given 
by the factor ~B is equal to the load acting on the tributary area. This 
will be discussed in detail in Chapter 10, together with other serious 
inconsistencies of this procedure for determinipg the 10ads acting on the 
supporting beams. 
Beams spanning the the short d1rec~ion 
Equivalent uniform load 
Uniform. load according to factor wB: 
2 • 'wb 
3 
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The equivalent uniform load will govern whenever 
2wb > w. vb 
3 B m 
that is, whenever 
Therefore, two expressions for bending moments are needed in 
this case: 
(a) il~>2m/3 
load per unit length ~ wB 0 wa 
_B 2 EwB 3 ~.. = Bw. wab = - wb B m 
(b) if "13 < 2m/3 
load per unit length~ 2 wb 3 
Be~s spanning in the long direction 
In all cases, beam moments are determined on the basis of the 
load distribution factors wAo 
load per unit length~ 
,,;8 2 BWA l'y~ = B W A wba =""""2 
m 
Values for the moment coefficient B have been presented already in 
Table 2, in accordance with the recommendations of Section 701 of the 
ACI Codeo 
Beam moments computed according to the expressions above are in-
dependent of the live load-dead load ratio 0 They are presented in Tables. 16 
through 21, and repeated in Tables 22 through 260 Summations of slab and 
be~ moments at corresponding sections are also presented in these tables 0 
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306 Moment Values from Newmark-Siess Design Procedure 
30601 Slab moments per unit width in middle strip 
Moments per unit width of slab resulting framthe basic equation 
have been determined for the two general cases' considered in this method: 
Case A: Slabs built monolithically with their supports 
Case B: Slabs -not built mqnolithically with their supportso 
The values obtained from the above formula represent average moments 
for the entire cross sectiono Moments per unit width of slab in the middle 
strip were determined by multiplying by 1025 the values derived from the 
expression aboveo 
According to the prOvisions of this method, moments for slabs under 
Case A are independent of the location of the panel in the structure 0 There-
fore, a single set of values covering the moments corresponding to slabs with 
. . 
different ratios of sides 90uld suffice to determine the critical moments in 
panels with any conditions of continui tyo However, to facilitate comparison 
wi th the moments obtained by other design proced~es, the values corresponding 
to each of' the four types of p~els that may be, distinguished in this method 
have been presented separately in Tables 27 through ~9o Negatiye moments at 
discontinuous edges have been taken equal to two-thirds the corresponding 
negative moments at continuous edges, as recommended in the proposed speci-
ficationso 
Values· corresponding to slabs under Case B are reported in Tables 
30 and 31 for the four ~ypes of panel specifically distinguished in the pro-
posed specificationso In computing the slab moments corresponding to t~s 
cas~, the suppo~ting beams were assumed to provide no restraint whatsoever 
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to the edges of' the slab, and thus the negative moments at discontinuous edges 
were taken equal to zero 0 
30602 Total moments across panel at critical sections 
Since the coefficients presented in Tables lA and lB of the proposed 
specifications (4) correspond to average moments in the sections considered, 
the total moment acting across a panel section can be computed simply by the 
following expressions: 
Moments in short span: 
Moments in long span: 
MP = C wb2a = Q wb3 
m 
Values resulting from these expressions are presented in Tables 27 
through 29 for slabs under case A and in Tables 30 and 31 for those under 
Case B. 
306~3 Beam moments for slabs under Case A 
In this procedure, beam moments are computed in a manner similar to 
that used in ACI Method 2, but the values resulting from the equivalent 
uniform loads must be multiplied by a factor Qo For the beams spanning in 
the short direction, Q is constant and equal to 008, while for those acting 
in the long direction it varies linearly between 008 and 100 when the ratio 
of sides ~ decreases from 100 to 0050 That is, for beams in the short span 
direction, Q = 008 for all m values, and for beams in the long span 
direction: 
m 
Q 0 .. 80 1 .. 00 
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Therefore, the beam moments presented in Tables 27 through 29 were 
obtained simply by multiplying the beam moments presented in Tables 9 through 
11 by the corresponding value of Q given above. 
Also included in these tables are vaJ.ues for the sum. of slab and 
beam moments at corresponding sections. 
30 7 Static Moment Capacities of Si~b and Supporting Beams 
In addition to the moments at the critical design sections presented 
in Tables :3 through 31, an extra line of values, designated by.E, is sho'WIl in 
these tables for each ratio of sides considered. Values in these lineS re-
present the static moment capacities of the slab panel and the supporting 
beams, considered both individually and as ,a combined structure, corresponding 
to the moments obtained from the coefficients given at the. critical sections 
of both panels and beams. For spans continuous at both ends these values are 
equal to the corresponding sums of positive and negative moments. But for 
spans discontinuous at one end they are roughly equivalent, but not equal) 
to the correspo.nding sums of pO.si ti ve moments at midspan plus the average 
of the negative moments at the ends. 
The values presented in these lines are used later in Chapter 7 
for the evaluation of the yield load capacity of the slabs, and their 
derivation is explained in detail in Sections 703 and 7.4. 
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40 ELASTIC MoMENTS IN UNIFORMLY .LOADED REr!TANGULAR !'LA.Tffi 
401 Introduction 
Since the behavior of a two~way reinforced concrete slab under 
working load conditions may be considered to be essentially elastic, 
extensive use has been made in design of results obtained by means of the 
ordinary theory of flexure of plates 0 
In a general sense, the elastic analyses reported in the technical 
literature can be classified into two groups: analyses of single panel plates, 
and analyses of continuous plateso As could be expected, most of the available 
information corresponds to plates of the first groupo 
A further major distinction can be made in both groups of analyses 
based on the assumptions regarding the conditions of flexibility of the 
supports of the plateo Although most of the existing solutions correspond 
to the case of infinitely rigid, non-deflecting supports, a few solutions for 
the case of plates supported on flexible beams are also available 0 
Since the results of elastic analyses have been used merely as a 
guide in establishing provisions of design for reinforced concrete slabs, no 
detailed description of thes~ analyses will be given hereo Only the basic 
assumptions made in the ordinary theory of flexure of plates and the results 
of some of the existing ·solutions "Will be presented in this chapter 0 Detailed 
information on the methods available for the solution of the basic. differential 
equation of an elastic plate is, presented in References 7 and 80 Reference 9 
includes a historial summary of the development of the theory of flexure of 
elastic plates" 
However, in the section devoted to continuous plates, a brief 
description of the methods of solution employed will be given, to indicate 
how the different variables have been taken into account in these analyses. 
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402 Assumptions in the Ordinary Theory of FlexUre of Plates 
The conditions of stress and deformation in an ordinary reinforced' 
concrete slab under-working loads can be represented best by those of a 
so-called Itmedium-thick platen, for which the basic assumptions made in an 
ordinary elastic analysis are the following: 
(1) The plate is made of a homogeneous, isotropic and perfectly 
elastic material, whose mechanical properties may be defined by two constants: 
the modulus of elasticity E, and Poisson l s ratio po 
(2) The plate is of uniform thickness .. 
(3) The stresses acting in a direction perpendicular to the middle 
plane of the plate are negligible.. Also, no significant membrane action occurs 
in the plate; that is, no appreciable shortening or lengthening of the middle 
surface of the plate exists. These two assumptions are characteristic of 
medium-thick plates. 
(4). A straight line drawn perpendicular to the middle plane of the 
plate berore bending remains straight after bending. This ass~ption is 
consistent with the conditions imposed previously on the plate to be medium-· 
thick, homogeneous and of uniform. thickness .. 
Since it is assumed that no axial stresses are developed in the 
middle -plane of the plate, this becomes a neutral plane.. That is, the zero 
points in the diagrams of horizontal stresses in the plate all occur at the 
middle plane .. 
It should be remembered that the plates considered in this study 
\ 
are all supported along their four edges and are loaded Uniformly over the 
entire panel, in accordaPce with the limitations imposed in all of the 
design met~ods COvered in this investigation. 
. , 
In applying elastic methods to the analysis of reinforced concrete 
slabs, a decision must be made regarding the appropriate value of ~ to be 
used in the analysis 0 Although values for this' ratio ranging between 0 .. 12 and 
o ~ 20 are ordinarily obtained from tests on concrete cylinders, most authors 
consider the value of ~ = 0 to be more adequate to represent the conditions 
in a reinforced concrete slab 0 Unfortuna~ely, very little experimental 
information is available on this matter 0 
The value of' ~ has been taken equal to zero in this chapter,.and 
all moment values reported here are given on this basis. Values obtained from 
elastic solutions where ~ was assumed different from zero have been transformed 
to correspond to ~ = 0 by means of the following formulas: 
-where 
MO = __ 1 __ 
x 1 _ Jl2 
MO = __ 1__ 
Y 1 - JJ.2 
(MJl _ ~ #) 
x y 
(~ - ~~) 
MO MO = bending moments in the x and y directions, respectively, 
x' y for fJ. = 0 
#, MJ.l = same, for Jl f 00 
x y 
4D3 Elastic Moments in Si~gle Panel Plates 
4.301 Plates on rigid supports 
The conditions of restraint at the .. four edges and the ratio of' 
sides constitute the major variables in the analyses of single panel plates 
on rigid supports 0 Ho-wever, most of the available solutions consider only 
the t-wo extreme conditions of restraint: zero restraint (a simply supported 
edge) J and full restraint (a fixed or clamped edge) 0 
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For the general case o~ a rectangular plate supported along all 
~our edges, six di~~erent combinations o~ ~ixed and simply supported edges 
may be obtained, ranging from the case o~ all edges simply supported to· that 
o~ all edges clampedo Therefore, plates with zero, one, two, three or four 
fixed edges may result in the general case. Furthermore, in the case of 
plates with two edges fixed, an additional distinction is based on the relative 
position o~ the ~ixed edges; that is, whether they are adjacent or opposite to 
each othero For each of these cases, the elastic moments are then a function 
of the ratio o~ sideso 
Moments for uni~or.mly loaded plates corresponding to each of these 
six cases have been computed by several authors ~or di~~erent ratios of sideso 
A very complete set of tables including values of moments, shears and reactions 
for the six cases mentioned above is presented in Reference 100 These tables 
are the result of solutions obtained by Czerny using KirchhoffBs method 0 Values 
for the maximum positive and negative bending moments in the two directions 
of the panel, taken from the results published by Czerny, are presented here in 
Table 320 
40302 Plates on flexible supports 
Solutions for the case of single panels supported on flexible 
beams are less numerous thap those fur plates resting on rigid supports. 
Timoshenko presented in Arto 48 of Reference 7 solutions for the case of a 
panel simply supported at two opposite edges on rigid beams with the two other 
edges elastically supportedo Solutions for plates with all ~our edges 
supported elastically are given in Arto 49 of the same referenceo In both 
cases the supporting beams are assumed to resist bending on vertical planes 
only, and thus do not provide torsional restraint to the plateo The tapulated 
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values presented in these articles include only results for square panels, 
for different ratios of the stiffness of the supporting beams to that of the 
slab. 
The case of a plate supported on elastic beams at two opposite edges 
and simply supported at the other two has been treated also by Jensen (11) 
and (12) 0 Reference 11 contains the derivation of the basic analytical 
expressions for the solution of the problem, and Referenc~ 12 presents 
tabulations and plots for the moments M,r and M~. at the middle point of the 
.f>. :J 
plate and for the bending moments in the supporting beams, for plates with 
ratio of sides ranging from 0.6 to infinity, and for relative beam to panel 
stiffnesses in the range zero to infinity_ These studies constitute the basis 
of the moment corrections made by New.mark and Siess to take into account 
the effects of the deflections of the supporting beams. 
404 Elastic Moments in Continuous Plates 
Analyses of continuous plates have been made also for both rigid 
and flexible supportso Again, the solutions available for the first condition 
are more numerous than those for the secondo It must be pointed out here 
that while most of the solutions for ,single panel plates mentioned in the 
previous section axe exact (wi thin the limitations imposed in the theory) 
the solutions for continuous plates are all approximate in natureo 
4040l Plates on rigid supports, 
Solutions for the case of continuous plates supported on rigid beams 
have been.presented by Westergaard, Marcus, Bittner, Maugh and Pan, Siess 
and Newmark, and others. In all of these solutions, except those by Ne"'WIIlark 
and -Si~ss, the supporting beams are assumed to provide only vertical support 
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to the plate, neglecting thus the effect of the hori~ontal shears acting 
between the edge beams and the plate, and the torsional resistance of the 
supporting beamso Therefore, the plate is considered to be continuous over 
the interior supports, but it is assumed simply supported at all exterior 
edges., 
The analysis made by Westergaard (5) is based on results obtained 
by several authors for four basic plate structures: a single panel, a double 
panel, an infinite row of panels, and an infinite array of panels in both 
directions, all composed of equal square panels, uniformly loaded., From the 
reported maximum moment values for these cases, Westergaard used the principle 
of superposition of loads to derive values for the maximum moments corresponding 
to other conditions of loading and other panel arrangementso In this manner 
he could evaluate maximum moments corresponding to critical loading conditions 0 
However, this procedure is strictly valid only for plates composed of equal 
panels 0 
The procedure utiliz~d by Marcus (6) consists essentially of an 
abbreviated moment distribution, with only one cycle of distribution and 
wi thcn~t regard to the differences in fl~xural stiffness of adjacent spans. 
This is equivalent to assuming carry~over factors e9-ual to zero in all 
directions, and equal values for the stiffnesses of adjacent panels. Only tVl) 
basic types· of loading are considered in this procedure: uniform load on 
all panels, which in the first stage are assumed to be fix~d at the interior 
supports and simply support~d at the exterior edges of the plate; and 
checkerboard loading, for which all panel edges can be considered as simply 
supported., Thus, the moments in the continuous structure can be obtained 
from the values derived for single panel plates with corresponding ~estraint 
conditions using the simplified moment distribution procedure described 
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above 0 The moments corresponding to the different single panel cases were 
obtained by Marcus using an approximate method that yields values that in 
general agree closely with those obtained by exact methods of analysis 0 
The procedures used by Bittner (13) and by Maugh and Pan (14) con-
sist essentially of expressing the rotations at the edges of a panel in terms 
of the applied loads and the moments acting: at the edges, and equating the 
resultant slope at each of the edges of a panel with the corresponding 
resultant slope at the same edge in the adjacent panelo Both methods assume 
a sine wave di.stribution of rotation at an edge as corresponding to a sine wave 
distribution of moment at the same edge, or at the edge opposite to ito 
However, they differ in the as·surned distribution of rotations at the adjacent 
sides: Bittner considered a sine wave distribution of rotation, while Mangh 
and Pan assumed an asymmetric distribution resulting from consideration of 
several terms in a sine series 0 Thus, while in Bittner's method continuity 
may be established by equating the slope of the two panels at any point along 
their common edge (since they both vary as a sine wave), in the procedure 
utilized by Maugh and Pan cqntinui ty is established only at the middle point 
of the supporto 
The method of analysis developed by Siess and New.mark (15) is bas-
ically a moment distribution procedure, similar to the Cross method used in 
the analysis of elastic frames. From the results of exact elastic analyses 
of particular cases, simplified expressions for the stiffnesses and carry-
over: factors of plates were obtained as a function of the ratio of sides of 
the panelo Values for the average fixed-edge moments of panels clamped at the 
four edges, and for the average positive moments of simply supported panels, 
were obtained also from exact elastic analysis 0 Based on these values, and 
on the stiLffness and carry-over factors mentioned above, moments in continuous 
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plates with any conditions o~ continuity and loading may be computed using a 
moment distribution procedure. 
The procedure of analyses utilized by Westergaard, Marcus, and 
Siess and Ne"WInark, which constitute the bases of the methods of design pre-
rented in ACI Method 2, the Modified Elastic Theory, and the Ne~ark-Siess 
procedure, respectively, are discussed in more detail in Sections 80303, 
8,,40.8, and 805040 
40402 Plates on ~lexible supports 
Solutions for continuous plates supported on flexible beams have 
been presented in References 16 and 170 The problem considered in the first 
one was that of "an interior panel of a plate continuous over a rectangular 
grid of ~lexible beams, which are supported at their intersections by 
columns 0 It [Vias] assumed that parallel beams are of equal stiffness and are 
uniformly spaced and that the system has a large number of panels in both 
directions 0 The plate is acted on by a lateral load which is uniformly 
distributed over its whole area. n (16) 0 The results presented in this 
re~erence are based on application of the Ritz method to the solution of the 
basic di~ferential equation of the plate, using ~or the deflection :function 
a series of polynomial functionso These results include deflections, maximum 
moments per unit w~dth, and average moments at the critical sections for 
plates with ratio of sides equal to laO, 008 and 005, for all the possible 
combinations of ratios of beam to plate stiffness in both panel directions 
that may be obtained with the values et:), 5, 2, lJ 005 and 00 
Based on the results presented in Reference 16J and on additional 
solutions obtained by difference equations, Appleton exten~ed the st?dy of 
this problem to include edge and corner panelso The rerults of his studies 
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on interior panels of uniformly loaded plates supported on flexible beams 
may be summari zed as follows ~ 
(1) If the beam stiffness in the direction of the moments considered 
increases: 
a) the beam moments increase 
b) all panel moments decrease 
(2) If the beam stiffness in the direction perpendicular to that 
of the moments considered increases: 
creases: 
a) the beam moments decrease 
b) the middle strip moments increase 
c) the column strip moments decrease, in general, for relative 
beam-to-plate stiffness ratio less than 1, but increase for 
ratios greater than 1 
(3) If the span i~ the direction of the moments considered in-
a) the beam moments. increase 
b) the middle strip moments decrease, in general, for relative 
beam stiffnesses greater than 1, but increase for relative 
beam stiffnesses less than 10 
c) the column strip moments decreaseo 
Reference 17 inc~udes also studies of the effects of the relative 
beam stiffnesses and the ratio of sides of a panel on the distribution of 
moments to the negative and positive moment sections 0 Appleton found that 
for the usual range of these variables in two-way slab construction, the 
total beam moment is distributed two-thirds to the negative section, and 
one-third to the positive sectiono For the moments in the pl~te, he found 
that the factors of distribution to the negative and positive moment 
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sections do not vary too much for the total plate moments, although they vary 
considerably for the individual strips. 
Another important result derived from these studies is that for 
interior panels of uniformly loaded plates the total moments developed in the 
supporting beams and in-the plate itself can be estimated closely by means of 
the follo~ng empirical formulas: 
and 
where 
Mb S a 
= wa~/8 a+S a 
M a ;p 
= wa~/8 a+8 a 
a = span in the direction of moments considered 
b = span in the _ perpendi cular direction 
w = uniform load per unit area 
S = ratio of stiffness of beam in direction a to stiffness 
a 
of plate of width bo Thus: 
S = a 
E I 
a a 
bN 
Sb = similar to Sa' in direction b 
a = effective plate stiffness = 
Mb = total moment in supporting beam 
M = total moment in plate p 
Therefore, the tot~ moment in the st~cture can be distributed 
in proportion to the stiffnesses of its tWb elements, the relative stiffness 
of the beam being S·- and the effective stiffness of the plate being 0:. The 
a ' 
moments computed in this manner can then be distributed to the negative and 
positive moment sections in the ratd.o 2 to 1 commonly used for prismatic beams. 
-42-
Appleton computed also 'the moments in interior panels ,due to other 
condi tions of loading: checkerboard loading,,' loading in alternate rows of 
panels} and loading in two adjacent panelso The moments for the two first 
loading conditions were obtained using the principle of superposition in a 
manner similar to that used by Westergaardo Thus} the moments for the first 
loading condition were determined by averaging the corresponding values for 
the case of an interior panel in a structure loaded uniformly throughout and 
those in a plate simply-supported at all edgeso For the second loading 
condition, the critical moments were obtained by averaging the values corres-
ponding to an interior panel in a structure wi th all ,panels loaded and those 
for a plate composed of a row of panels simply supported on two opposite 
edges and continuous over flexible beams at the other edgeso 
The case of unifor.m load in two adjacent panels only has not yet 
been studied rigorouslyo Thus~ Appleton recommended, on the basis of the 
studies made by Siess and Newmark for plates supported on rigid beams and by 
Westergaard for flat slab structures) to approximate the moments corresponding 
to this loading by increasing the moments obtained for the case of uniform 
load on all panels by 30 percento Although the actual individual beam or 
strip moments may differ appreciably from the values computed in this manner ~ 
Appleton est"imated that the recommended increase would represent closel;y" the 
total increase in negative moments occurring in the beams and plate due to 
loading 0 f adj acent panels 0 
Approximate solutions for the case of' edge and corner pan~ls of 
uniformly loaded plates w~re obtained by Appleton by the use of difference 
equations 0 Moments,for other loading conditions were not calculateddirectly~ 
and their value was estimated approximately,assumiDg they would increase in the 
same:proportion as the moments in a continuous beam for similar changes in 
loading cond.;i. tions 0 
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5." COMPARISONS OF NUMERICAL RESULTS 
501 Introduction 
To establish more clearly the differences in the results obtained 
using the several design methods, graphical comparisons are made in this 
chapter of the numerical values presented in Chapter 3. However, only 
the differences observed in the results of the severa.JJ methods "are presented 
in this chapter; the reasons behind these differences will be discussed in 
Chapters 9 and 100 
The comparisons made include the following: 
(a) Moments per unit width of slab at design sections 0 
(b) Slab moments across panel at design sections. 
(c) Beam moments at design sections. 
(d) Sums of slab and beam moments at design sections .. 
(e) Total moments in the slab, in the supporting beams, and in 
the combined slab plus beams. 
The comparisons presented in this chapter are restricted to slabs 
with no more than two edges discontinuous; slabs with more discontinuous 
edges may be regarded as special cases~ since their occurrence in practice 
is not frequent. It should be noted that the Newmark-Siess procedure 
considers slabs with two edges discontinuous only in the case of corner 
panels, and thus no curves for this method are presented in the case of 
panels discontinuous at two opposite edges. 
"For panels where the conditions of restraint at the edges are not 
equal in the two directions, moment coefficients are presented in separate 
figures for each of the two directions, each figure covering the entire 
range of ratio of sides considered in this study. Following the criterion 
-44-
indicated in Section 301, the comparisons are restricted to panels ~th ratios 
of sides not greater than two. 
All values plotted in the figures were obtained from the results 
presented in Tables 3 through 29. However, they are given here in terms of 
the static moment, in the direction considered, of the total load acting on 
the panel, except in the ca.se of moments per unit width of sla.b which are 
presented as a function of wb2• 
In Chapter 3, the slab moments· across the panel, and the moments in 
the supporting beams were presented in terms of 'Wb3• To transform. these 
values into coefficients in terms of the corresponding static moments wab2/8, 
for the short direction, and 'Wa~/8, for the long span direction, the values 
given for the short span direction 'Were multiplied by 8b/a while those for 
the long span direction were multiplied by 8b2/a2• (The notation used in 
this chapter is that presented previously in Section 3.2.) 
5.2 Moments per Unit Width of Slab at Design Sections 
Curves of design moments per unit width of slab in the middle strip 
are presented in Figs. 1-7, for positive moments, and Figs. 8-12 for negative 
moments at continuous edges 0 All values are given in terms of wb2, and 
represent the maximum design moments for each particular section. Thus, the 
values present~d for the Ne~ark-Siess method are those corresponning to 
the middle strip, and not the average design coefficients given in their 
proposal 0 
Curves corresponding to Cases A and B of the Ne"Wmark-Sie.ss method 
are included in the figures. And .for the MET method, separate curves, . based 
on the results presented in Table 15, are pr~sented for dead and live load 
in the case of positive moments only 0 
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As a standard of comparison, elastic values taken from the results 
published by Czerny in Reference 10 and reproduced here in Table 32 have 
been plotted also in these figureso However, these elastic moments correspond 
to plates which are either simply supported or fixed, but not continuous, 
at each of the four edgeso Thus, they do not represent exactly the actual 
conditions in a reinforced concrete slab 0 In addition to these values, elastic 
coefficients for live load positive moments were obtained in this study 
from Czerny!s values, using the same superposition procedure utilized 
by both Westergaard and Marcuso These were obtained to establish the range 
of variation -of positive elastic moments for different live load-dead load 
ratios. 
Figure 1, presenting the design positive moments for panels simply 
supported at all edges, has been included to show only the approximation of 
the values gi ven by Method 1 and the MET method to the .elastic· values 
corresponding to this case. These comparisons are of particular interest 
since this panel case was considered specially in the derivation of these 
two design methodso 
General observations on the comparisons of the different curves 
included in these figures are presented next, for positive and negative 
moment sections separately. 
5.201 Positive design moments 
It is convenient to indicate first the relative trends in the 
values of the elastic moments corresponding to dead and live loadings. In 
the short span direction, for spans fixed at least at one end, the t~o sets 
of values differ the most for bja = 005, and approximate each other for 
increasing values of bjao For spans simply supported at both ends, the 
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opposite is true; the two sets of values tend to coincide for low b/a and 
separate from each other for increasing values of the ratio of sides. In the 
direction of the long span, the elastic moments for the two loading conditions 
decrease slightly for decreasing values of bfa, but their rel&tive values 
remain practically unchanged throughout the range of b/a. 
Figure I shows the remarkable agreement of the values given by the 
MET method with the elastic moments. The curve representing Method I also 
follows closely, on the conservative Side, the curve of elastic moments. 
The close agreement observed in both cases was expected, since the two methods 
were derived so as to yield values that'would approximate closely the elastic 
moments in a s~mply supported plate, for the extreme cases of square panels 
and one-way slabs. The values given by Method 2 differ considerably from 
the elastic moments, and follow a trend that is typical for this method when 
the span in the direction considered is simply supported at both ends: lower 
than the elastic moments for b/a < 0.6 and considerably higher for b/a > 0.8. 
The following conclusions may be dra~ from Figs. 2 through 7: 
Moments in the direction of the short span: 
(a) Moments for dead and live loads according to the MET fuethod 
agree closely with the corresponding elastic moments: somewhat on the low 
side for spans continuous at both ends, and on the high side for all other 
caseso 
(b) The largest values are given by either the MET method (for 
low b/a) , or Method 2 (for hig~ b/a) 0 
(c) Minimum values are given by the Ne~ark-Siess procedure 
(Case A). Since the moments for Case A depend only on the ratio of sides 
and are independent of the panel case considered, they approximate the 
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elastic values best for interior panels, and differ the most for corner 
panels. 
(d) Values according to Case B of the Newmark-Siess procedure are 
in all cases practically equal to the elastic moments for dead loado 
(e) The curves representing Method 1 run generally between the 
elastic moments for dead and live loads. However, for spans continuous at 
one end only, they are lower than the elastic values for dead load. This is 
only the result of using a basic moment coefficient .equal to' 1/14, corres-
ponding to spans integral with their supports, in the computation of the moments 
according to-Method 1, while the elastic values correspond to plates that 
are truly simply supported at discontinuous edges. 
(f) The curve representing Method 1 is always lower than that 
representing Method 2, except for low values of b/a when the span is simply 
supported at both edgeso 
Moments in the direction of the long span: 
(a) Method 2 always yields the largest valueso Its differences 
with respect to the elastic moments for live load are greatest for spans 
simply supported at both ends, and smallest for spans continuous at both endso 
(b) The Newmark-Siess procedure (Case A) generally gives the 
lowest values. However, for panels with low bfa, the MET method occasionally 
yields lower values. 
(c) The values corresponding to Method 1 remain practically 
constant throughout the range of bja for each panel case, generally being 
intermediate between the elastic moments for dead and live loadso 
(d) The MET curves follow in general the trends of the elastic 
moments 0 However, for low values of b/a their ordinates decrease sharply 
in value, while the elastic moments remain almost constanto 
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50202 Negative design moments 
The following observations can be made from examination of Figso 8-
120 
Moments in the direction of the short span: 
(a) In all cases~ except for moments in e~e panels in the 
direction perpendicular to the discontinuous edge, the MET method gives the 
highest valueso The MET curves follow closely the trends of the elastic 
moments: slightly on the conservative side for spans continuous at both ends, 
and below them for spans continuous at one end onlyo 
(b) Values given by Method 1 are considerably lower than the elastic 
moments, except for spans continuous at both ends, and low bfa, for which they 
approximate the elastic values; however, the difference increases for in-
creasing values of b/ao Values given by this method are lowest for b/a> 0070 
(c) Values given by Method 2 are also lower than the elastic moments, 
and similarly, the difference increases for increasing values of b/ao In 
general, for spans continuous at both ends, Methods 1 and 2 yield approxi-
mately equal values; but, for spans continuous at one end only, Method 2 
yields larger values 0 
Cd) The curves corresponding to the New.mark~Siess procedure 
(Case A) follow the trends of the elastic moments with reduced values.o Their 
ordinates are lower than those of Method 2 in all cases except interior 
panels 0 
(e) Values obtained according to Case B of the Newmark-Siess 
procedure, although higher than Method 2 in most cases, are still considerably 
lower than the elastic momentso 
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Moments in the direction of the long span~ 
It should be observed that the elastic moments increase for de-
creasing values of bfa, and in all cases the coefficients for one-way slabs 
are larger than those for square panels. Furthermore, for panels continuous 
at two opposite edges, the negative moments when the panel is continuous in 
the direction of the long span are larger than those of a similar panel con-
tinuous in the direction of the short spano 
With respect to the relative values of the coefficients given by 
the different methods, the following observations can be made: 
(a) The MET curves depart greatly from the elastic values, parti-
cularly for b/a < 00750 While the elastic values increase for decreasing 
values of bfa, the MET ordinates decrease always for b/a < 0075, and, in 
many cases, throughout the entire range of b/ao 
(b) The lowest values, for panels with b/a > 007, are usually 
given by Method 1. 
(c) The curves representing the Newmark-Siess procedure follow 
the trends of the elastic moments better than any other methodo 
(d) Method 2 yields values slightly higher than those by Method 1 
in spans that are continuous at both endso But for spans continuous at only 
one end, the values from Method 2 are considerably larger than those from 
Method 10 
503 Slab Moments Across Panel at DeSign Sections 
Curves of total slab moments across the panel at the critical 
design sections are presented in Figso 13-180 Each figure corresponds to 
a different span condition and includes curves for positive moments at 
midspan, negative moments at continuous edges and negative moments at 
-50-
discontinuous edges 0 All values are presented in terms of the corresponding 
static moments 0 
The curves shown for the MET method correspond to a live load-dead 
load ratio equal to three" Curves for a live load-dead load ratio equal to 
one are presented only for interior panels, in which case the differences 
between the two sets of curves are the largest" Thus, for all other panel 
cases, the curves corresponding to a live load-dead load ratio equal to one 
have been omitted to avoid confusion" Since the values corresponding to the 
two ratios are so similar, it may be concluded that the provision of different 
positive moment coefficients for dead and live loads is in most cases an un~: 
necessary refinement of the method" 
Similarly, for the Newmark-Siess procedure, only the values corres-
ponding to Case A have been plotted in all the figures 0, Curves for Case B 
are presented only for corner panels; for all other panel cases, the differences 
in the ordinates of the curves corresponding to Cases A and B are only about 
half those shown for corner panels 0 
The curves presented in this section allow a more significant 
comparison between the methods than those presented in Section 5020 They re:-
present the total amount of reinforcement placed across the critical sections, 
and thus con,sti tute a measure of their moment capaci tyo Furthermore, the 
influence of different lateral distributions of reinforcement is thus minimized 
in these comParisons 
50301 Negative moments at continuous edges 
The following observations can be made from examination of 
Figso 13-180 
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Moments in the direction of the short span: 
(a) The MET curves have generally the largest ordinates) except 
for low bja ratios where Method 1 yields larger values, and for the dis-
continuous direction of edge and row panels with high values of bja, where 
their ordinates decrease considerably faster than those of the curves repre-
senting other methods. 
(b) The curves for Case A of the Newmark-Siess method have in 
most cases the lowest ordinates, except for bja> 0.75 in interior panels 
(where Method 2 is lower) and in the discontinuous direction of edge panels 
(where Method 1 gives the lowest ordinates). 
(c) Values given by Method 2 are lower than those given by 
Method 1 for spans continuous at both ends. In all other cases, Method 2 
yields lower moments for low bja ratios, and higher moments for high bja 
ratios. 
Moments in the direction of the long span: 
(a) The largest values correspond in most cases to the Newmark-
Siess method, except for the continuous direction of edge panels where the 
MET is higher 0 
(b) The curves representing the MET method have the largest or-
dinates in the group for bja = 1, and the lowest for bja = 005. 
(c) The curves for Method 1 and Method 2 keep, in general, the 
same relative position than for the short span directiono 
50302 Positive moments at midspan 
Moments in the short span direction: 
(a) The Ne'WID.ark-Siess method always yields values considerably 
smaller than the other methodso 
-52-
(b) For panels approximately square, Method 2 yields the bighest 
ordinates 0 For panels with low bja, Method 1 gives the highest values for 
spans continuous at both ends, and the' ,MET method for all other cases 0 
( c) The curves for Method 1 and Method 2 are in the same relative 
position as indicated for negative momen~so 
Moments in the long span direction~ 
(a) The curves representing the different methods approximate 
each other very cu..osely~ for low values of b/ao Therefore} their differences 
decrease for decreasing values of b/ao 
(b) In general, Method 2 yields the highest ordinates, while 
Newmark-Siess gives the lowest valueso 
50303 Negative moments at discontinuous edges 
Moments in the short and the long span directions~ 
(a) Method 1 yields always values appreciably lower than any other 
method throughout the 'range of b j a 0 
(q) The MET method gives the highest values for the short span 
direction of panels with low b/a ratioo In all other cases, the New.mark-
Siess method yields the highest vaiues (or Method 2, when the Newmark-Siess 
method does not apply) 0 
504 Beam Moments at Design Sections 
Curves of positive beam moments are presented in Figso 19-21 for 
the six different span conditions considered in these comparative studies 0 
Only curves of positive moments are presented, since in all methods the 
moments are computed using the coefficients recommended in Section 701 in 
the ACI Code, once the equivalent uniform load carried by the beam in 
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question has been determined. Thus, the curves for negative moments at 
continuous or, discontinuous edges would be completely similar to those pre-
sented for positive moments and could be obtained by adjusting the scale 
in the vertical direction. 
All values presented in these figures are in terms ~f the corres-
ponding static moments. Taking into consideration the argument above, the 
observations presented below apply to both positive and negative beam moments. 
Moments in the direction of the short span: 
(a) As a result of the minimum load requirement specified in the 
MET method, the moments obtained by this method are equal to those from 
Method 2 in all cases, except for beams discontinuous at both ends, where they 
are larger. 
(b) In all cases, the values given by the Newmark-Siess method are 
equal to 80 percent those given by Method 2. They are ordinarily the lowest 
moments, except for panels with low b/a ratios where the values given by 
Method l are even lower. 
(c) Values given by Method l are generally lower than those from 
Method 2, except for beams perpendicular to the discontinuous edges in edge 
and row panels, where Method 1 yields the highest values. 
Moments in the direction of the long span: 
(a) A large discontinuity occurs at bja = 1.0 in the curves of 
beam moments corresponding to the MET method,except for beams spanning in 
the discontinuous direction of edge and row panels. Whenever this discon-
tinui ty o.ccurs, the -:m:om:ents given-by-tb.-e 'ME:f- 'for- -hi'ghvalues' of' bja are the 
lowest in the figure. However, for decreaSing bja the curves rise sharply 
and yield values that approximate closely those obtained from other methods 
at b/a = 0 .. 5. (For this ratio, all methods give practically the same values). 
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(b) Moments according to the New.mark-Siess method are the lowest 
of the set, except as noted aboveo 
( c) Method 1 and Method 2 yield practically' the same values for 
the beams in interior and corner panelso But whenever the beams considered 
are restr.ained at the 'ends more 'severely than those in the perpendicular 
direction, Method 1 yields lower values than Method 20 For the opposite case, 
the opposite conclusion is also trueo 
505 Sums of Slab, and Beam Moments at DeSign Sections 
Figures 22 through 27 show curves of total moments' across the 
cri tic8J. design sections in the structure 0 The values presented are given 
in terms of the corresponding static moments, and can be obtained by summation 
of the corresponding slab and beam moments presented in Figs. 13-1B and 19-21, 
respectivelyo These values represent the total moment capacity of the 
structure at the critical sectionso 
Before a comparison is made of the results obtained from the 
several methods, it is convenient to make the following obserVations:, 
(a) Since according to Method 1, the total moment across a 
critical section is equal to BWL (using the notation in Section 202)J the 
curves for positive moments and for negative moments at continuous edges 
should remain theoretically at a constant value., equal to BB, throughout the 
range of bjao However, due to the requirement of a minimum amount of rein-
forcement in the slab in the longitUdinal direction, and to the allowable 
reduction of positive reinforcement in column strips adjacent to continuous 
edges, the curves shown depart. slightly ~rom the constant valueso For the 
moments at discontinuous edges, the total moment increase for increasing 
bja due to the use of different bending moment coefficients for slab and 
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beams: 1/24 for slabs, and 1/16 for beams 0 Therefore, as the proportion of 
load carried by, the beams in the directidn considered increases, the value 
of the corresponding total moment increases also. 
(b) The total moments in the short span direction according to 
Method 2, expressed in terms of the corresponding static moments, are 
practically independent of b/a in the range 0.6 to 1.0. The discontinuity 
observed at b/ a = 006 corresponds to the discontinuity occurring at this poin,t 
in the values of the slab moment coefficients given by the method. In the 
direction of the long 'span, the curve of total moments varies almost linearly 
with a very flat slope. 
( c) The curves corresponding to the MET method vary throughout 
each span more than those from the other methods. Also, a big discontinuity 
occurs at b/a = 1.0, corresponding to the discontinuity observed for the 
moments in the supporting beams. The values presented for this method corres-
pond to a live load-dead load ratio equal to three •. In general, it may be 
observed that the curves of negative moments vary more markedly than those 
for positive moments. 
(d) The curves from the N~w.mark-Siess'procedure, which correspond 
to Case A; are practically independent of b/a in the short span direc.tion. 
But in"the long span direction they increase linearly for decreasing values 
of b/a. 
From comparisons of the curves representing the different methods, 
the following observations can be made: 
Moments. in the direction of the short span: 
(a) The highest total negative moments are given by the MET 
method, and the lowest by the Newmark~Siess procedure. 
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(b) Total negative moments at continuous edges according to 
Method 1 arid Method 2 are very similar. Values from Method 2 are lower 
:for interior panels and for edge panels in the direction perpendicular to 
the discontinuous edge. 
(c) The lowest positive moments are given by the Newmark-Siess 
method, and the highest by the MET method, for panels with low b/a,or by 
Method 2, for square and nearly square panels. 
(d) Method 1 yields lower positive moments than Method 2 in all 
cases, except in the discontinuous direction of row panels. 
(e) In most cases, Method 1, Method 2, and the MET method yield 
practically the same total positive moments. 
(f) The MET method yields the highest total negative moments at 
discontinuous edges. Method 1 yields th~ lowest, except in the discontinuous 
direction. of row panels, where those from Method 2 are lower. 
(g) The total negative moments at discontinuous. edges according to 
the Newmark-Siess method are slightly higher than the corresponding total 
positive moments. 
Moments' in the 'direction of .the long span: 
(a) The largest differences between the values given by the 
dif:ferent methods occur for s.quare panels; for b/a = 005, all curves tend 
to approach the same values. 
(b) In general, for decreasing values of bfa, the total moments 
according to Method 1 remain constant, those from Method 2 decrease slightly, 
and those from the MET method and the Newmark-Siess procedure increase 
someWhat., 
(c) Method 1 yields lower total moments than Method 2 in all cases, 
except in the discontinuous direction of row panels. However, their dif-
ferences are not large. 
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(d) In most cases, the Ne~ark-Siess procedure yields the lowest 
values ~or high bja ratioso 
5.6 Total Moments for Slab Panel, Supporting Beams and Combined Structure 
Curves of total moments for the slab panel, the supporting beams 
and the combined slab plus beam structure are presented, in terms of the 
corresponding static moments, in Figso 28-330 These total moments are 
equivalent in each case to the summation of the corresponding positive moment 
at midspan plus the average of the negative moments at the ends of the spano 
(However, taking into account that for spans discontinuous at one end the 
maximum positive moment occurs off-center, the total moments were computed 
using equations similar to Eq. (4) in Section 7.3). 
Each figure presents the three groups of curves (total slab 
moments, total beams moments, and total moments in the structure) correspond-
ing to a particular span condition. These total moments indicate the total 
moment resistance provided in the structure~ and its distribution to the 
slab panel and its supporting beams. 
50601 Total moments in the structure 
(a) The curves corresponding to Method 1 remain practically at a 
constant value of 1020 times the static moment in all cases, and throughout 
the range of b/a in both panel directionso However, for the discontinuous 
direction in a panel discontinuous at two opposite edges the total moment 
increases to 1.50 approximately, for all values of b/a. 
(b) The curv~s corresponding to Method 2 are in all cases above 
those for Method 1, except in the discontinuous direction of a panel dis-
con~,inuous at two opposite sides. 
(c) The curves representing the NeWJmark-Siess method remain 
practi.cally at a value of 100 throughout the range of bfa, for the moments 
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in the short span directiono For the long span direction, they increase 
linearly up to 1020 at b/a = 0050 In all cases they give the lowest values, 
except for the moments in the direction parallel to the discontinuous edge 
of panels with one long edge discontinuous, where the MET method yields 
lower valueso 
(d) Except'for the two cases i~dicated previously, the curves re-
presenting the MET method show a sharp discontinuity at b/a = 1.0, caused by 
the discontinuity in beam moments mentioned in Section 5 .. 4'0 For the moments 
in the short span direction, this method always gives the highest values. 
For the long span direction, it generally yields values lower than those 
from Methods 1 and 2, but gives the same values at b/a = 0.50 
50602 Total moments in the slab panel 
(a) Values from Method 1 are larger than those from Method 2 
for spans continuous at both ends, and for the moments in the direction of 
the short span forb/a < 0.6 in all caseso (For this last condition, Method 1 
yields the highest in the set). 
(b) The MET method yields the highest total slab moments in the 
entire range of b/a for spans continuous at both ends, and for the short 
span direction of panels with b/a in the range of 0.6 to 008 in ali cases. 
(c) Method 2 yields the highest value for spans discontinuous 
at one or both ends, for the entire range of ratio of sides, except as 
noted i~ (a) and (b). 
(d) The lowest moments are given by the New.mark-Siess method, 
except in the case of the span perpendicular to the discontinuous edge· of 
an edge panel, where Method 1 yields lower values. 
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5.603 Total moments in the supporting beams 
(a) The curves for Method 2 have the highest ordinates in all 
cases, except where the beams in the direction considered are less restrained 
that those in the perpendicular direction 0 In this case, both Method l and 
MET method yield higher values. 
(b) Values given by Method 1 agree with those from Method 2 when-
ever the beams in the two directions are similarly restrained. When the beams 
in the direction considered are restrained more severely than those in the 
perpendicular direction Method 1 yields lower values than Method 2. For the 
opposite condition, the reverse is also trueo 
(c) The curves from the MET method coincide with those from 
Method 2 for the beams in the short span direction, except for the discon-
tinuous beams of a row panel, where they are considerably higher. A large 
discontinuity in the curves occurs for b/a = 100, except for the beams in the 
discontinuous direction of edge and row panels, where the curves for the MET 
rise above those from Method 2 in the long span direction. In all other 
cases, the drop in beam moments at b/a = 1.0, makes the values from the MET 
the lowest in the set. However, they rise fast for decreasing values of 
the ratio of sides, to match the values from Method 2 at b/a = 0050 The 
discontinuity in beam moments is particularly bad for the beams in the con-
tinuous direction of edge and row panels. 
(d) Moments given by the Ne~ark-Siess method are generally the 
lowest of the groupo However, for the short beams in interior, corner and 
edge panels with b/a < 0.7, Method 1 yields lower values; and for the long 
beams, the MET method gives lower values for the beams in the continuous 
direction in, edge panels. 
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6" LIMITING LOAD CAPACITY AND YIELD-LINE THEORY 
6.1 Introduction 
One of the most important considerations in the study of a struc-
tural member, such as a two-way slab, is the determination of its ultimate 
load carrying capacity 0 Therefore, a comparative study of the different 
procedures currently used in the United States for design of two-way slabs 
must include a discussion on the ultimate load capacity and the type of 
failure to be expected in slabs designed according to these different methods. 
It is obvious that the theory of elasticity, which can be used with 
reasonable success to determine the stresses at working loads, is not ade-· 
quate to evaluate the ultimate load carrying capacity of a slab 0 This can 
be estimated properly only by using a theory that will take into account the 
inelastic behavior of the structure at loads approaching failure. 
Most of the early work on reinforced concrete slabs was made on the 
basis of ultimate strength theories" Afterwards, the attention was shifted 
to the study of the stress conditions in the slab at working loads by making 
extensive use of the theory of elasticityo However,· the trend in slab 
research is now returning to the original problem: the determination of the 
ultimate strength of a slabo 
The load carrying capacity of two-,\vay slabs has been .determined in 
this investigation using the lIyield line theoryTl developed by Johanseno A 
detailed presentation in English of this theory can be found in a paper by 
Hognestad (18), which summarizes Johansen! s work, and in Chapter 10 of 
Ferguson's Reinforced Concrete Fundamentals (19), which is based essentially 
on HognestadVs paper. 
In the following sections, a brief discussion of those aspects of 
the theory dealing directly with its application to two-way slabs will be 
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presentedo For a more detailed coverage o~ the subject of yield line theory 
in general, the reader should consult the two sources given above, where 
additional re~erences on the subject are listedo 
602 Yielding o~ a Slab Structure 
In an ordinary rein~orced concrete slab the percentage o~ rein-
~orcement is normally small enough that, under increasing load, the steel 
will yield be~ore the stresses in the concrete become excessively large. At 
working loads, the stresses in the slab can be determined approximately using 
the theory of elasticity, although certain discrepancies arise due to the 
non -homogenei ty and anisotropy o~ the slab, and due also to cracking, 
shrinkage and creep .. 
Assuming the steel to be uni~ormly distributed throughout the slab, 
yielding will occur first at the regions o~ maximum moments. Under increasing 
load, yielding will spread laterally, ~orming yield bands that will eventually 
reach the supports o~ the slab. It can be observed that under increasing 
loading the moment acting at those sections that have already yielded remains 
practically constant (although a small increase is usually observed), while 
the angular rotation increases significantly. This phenomenon is illustrated 
in Fig. 34, in which the moment resisted by a slab strip o~ unit width is 
plotted against the angle change acting on a short length o~ the slab .. 
Yielding of the rein~orcement along certain bands across the slab 
progresses until enough o~ these bands are developed to divide the slab into 
segments which ~orm a collapse mechanism. Since a slab is a highly in-
determinate structure, the additional angle changes that can be .developed 
in the yielded slab strips produce signi~icant modi~ications in the distri-
butions o~ shears and moments. Thus, yielding at one point or one section 
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does not represent the end of the load carrying capacity of a slab, but just 
the beginning of the development Of larger deflectionso 
6<>3 Assum.ptions in Joha.nsen~s Yield Line Theory 
Three basic assumptions or simplifications are made by Johansen in 
developing his yield line theory 0 The first refers to the pattern of yielding 0 
Although in reality yielding occurs along bands of a certain finite width, 
Johansen simplified the problem by considering all yielding to be concentrated 
along lines in which the total angle change takes placec 
The second assumption involves the simpli~ication of the M-~ diagram 
in Figo 34 to the simple relationship represented in Fige 35e This simp'li-
fication results in two major modifications with respect to the actual con-
ditions in a slabe Firstj all deformation.is assumed to occur at the yield 
lines 1 and none whatsoever in the rest of the slabe In other words, no angle 
change is assumed to occur in those sections subjected to moments lower than 
their yield moment valuee This assumption i~ justified on the basis that the 
elastic deformations of the slab are considerably smaller than the plastic 
deformations, and thus can be neglectedo Since the elastic deformations are 
neglected, the individual slab segments formed by the yield lines are all 
considered to be plane) and therefore their lines of intersection, which are 
the yield lines, must be straight linesc 
The second modification consists of assuming the moment resistance 
to remain constant at the yield value while the angle change· increases in-
definitelyo It has been shown that the actual M-O diagram exhibits an in-
crease in the moment resistance of the section above the yield value) caused 
by strain hardening of the reinforcementu However, this increase in moment 
resistance is a direct function of the percentage and strength properties of 
the reinforcement) and is only developed.at large deflectionso Since large 
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deflections in slabs are objectionable, and since the increase in moment 
capacity above yielding depends so much on the properties and amount of 
reinforcement, Johansen decided to limit· the estimated moment capacity of a 
section to its yield value, and to regard the additional capacity as an 
added factor of safety in the design. Besides, the assumption of a constant 
value for M simplifies greatly the analysis without an undue sacrifice in 
accuracy. Tests have shown that the actual failure load is only 10 to 20 
percent higher than that predicted on the basis of the yield line theory. 
This higher value is due not only to strain hardening of the reinforcement, 
but also to the·membrane action occurring as a result of the large deflections 
developed after slab yielding. 
The third assumption made in yield line theory consists of con-
sidering the effect of the slab deflections on the moments to be negligible; 
that is, it is assumed that the direct forces in the plane of the slab are 
insignificant. This assumption is also made in the ordinary theory of flexure 
of plates. 
6.4 Yield Line Patterns 
As mentioned above, a slab will continue to carry load until a 
pattern of yield lines is developed which divides the slab into segments that 
can rotate with respect to each other and form a collapse mechanism. There-
fore, the first problem in yield line analysis consists of establishing the 
probable pattern of yielding of the slab in question. To do this, it is 
necessary to have a general idea about the location of the possible axes of 
rotation of a 'slab for different support. ·condi tions. 
Normally, axes of rotation occur along the faces of continuous 
supports, such as beams or walls, and at those sections in the interior of 
the slab where maximum moments are developed 0 (But these are not restricted 
-64-
to the original maximum moment lines developed under elastic conditions) 0 
In the case of' a column support, the column constitutes a pivot point, since 
an axis of rotation must pass through ito 
The yield line between two ·slab segments must pass through the 
intersection of the axes of rotation developed at the supports of the two 
segments, since it contains points that rotate about both of these axes 
simultaneously. 
Therefore, a general idea of the confi~ration of the yield line 
pattern for a particular slab may be obtained from consideration of its 
support conditions; these will define, for each slab panel, the limiting or 
exterior axes of rotation. The interior axes of rotation, which correspond 
to the positive yield lines, may then be located tentatively taking into 
account the condition that they must pass through the intersection of the 
corresponding axes of rotation at the supports of each segment. Of further 
assistance may be the knowledge that normally simply supported or free edges 
lTattract lt yield lines, while fixed or continuous edges Urepelit them 0 
6.5 Methods of Approach in Yield Line Theory 
Two general types of problems may be considered in connection with 
the ultimate load carrying capacity of a slab 0 The first, which is a problem 
of design, involves the determination of the necessary yield moment capacity 
of a slab of known geometric dimensions which is subjected to a specified 
loading. The second consists of the determination of the ultimate capacity 
of a slab of known geometric properties, in which the amount and location of 
the reinforcement are known before hand. This is ess.entially a problem of 
analysis. 
In the application of yield line theory to the design or analysis 
of a slab, two general methods of approach can be utilized: 
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(a) Equilibrium of the individual slab segments 
(b) Virtual work, or energy-mechanism criterion. 
Both methods can be used for either design or analysis, and often 
they are used together in the solution of a particular problemo Since in 
this investigation the yield line theory is utilized to evaluate the load 
carrying capacity of slabs designed by ordinary procedures, primary attention 
will be given to the problem of analysis of slabs by this methodo 
The main problem in analysis involves the detennination. of the 
critical pattern of yielding corresponding to a certain loading~ Since the 
yield moment capacity of the slab at any cross section is known (or can be 
determined from the amount and distribution of the reinforcement) the problem 
consists of determining the pattern of yielding that will correspond to a 
minimum value for the collapse loado That is, it is necessary to determine 
that pattern of yielding for which a minimum load will maintain the structure 
in a state of neutral equilibrium when yield moments are fully developed 
across the entire length of the yield lineso 
It should be pointed out that, as in the elastic design of two-way 
slabs, only uniform loads distributed throughout an entire panel will be con-
sidered as acting on the slabo However, yield line theory can be applied as 
readily to any· other type of loading, including concentrated loads and line 
loading 0 
Although most of the ideas introduced in this section are applicable 
to any type of slab, the discussion presente-d here is developed for the case 
of slabs with· equal yield moment capacities in the two orthogonal directi ons 0 
The case of slabs with different yield moments in the two directions is 
discussed in Section 6070 
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60501 Equilibrium approach 
The equilibrium approach can be summarized as follows: First, a 
reasonable pattern of yielding is assumed, based on the support conditions 
of the slab, and following the general recommendations outlined in Section 604. 
Once the slab has been divided into segments by the assumed yield lines, the 
equilibrium conditions for each individual slab segment are examined. Each 
segment is acted on by the applied loads, the yield moments developed across 
the yield lines, and the reactions at the supports. Since the moments acting 
across the yield lines are principal moments, the twisting moments along 
these lines are equal to zero. Furthermore, since the moments acting across 
the yield lines are a maximum in relation to those moments acting on sections 
parallel to the yield line through adjacent pOints, the shearing forces at the 
interior yield lines are also equal to zero. Thus, it can be concluded that 
only bending moments act across the interior yield lines. For each slab seg-
ment, the maximum applied load may be determined from the condition of equili-
brium of moments ~bout the supporting edge of the segment.. In this way, the 
distribution of slab reactions along this edge need not be know.n~ 
In the general case, since the initial pattern of yielding is chosen 
arbitrarily, the computed maximum loads will differ from one slab segment to 
another, which means that the pattern of yielding chosen is not the correct 
one. The patterns must then be modified, taking into account the results of 
the 'previous trial, and the whole procedure repeated until the loads deter-
mined for each segment are equal, or close enough to be acceptableo There-
fore, the method is one of trial and error, but in most cases the designer 
will have initially a reasonably close idea of the real configuration of the 
pattern of yielding, and the results from the second or third trial will not 
be far from the correct value 0 It should be noted that the value of the load 
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carrying capacity of the slab is not too sensitive to the exact pattern of 
yielding, and that relatively wide variations in this pattern will result 
in approximately the same load capacity a 
6.5.2 Virtual work approach 
The second type of approach, based on the principle of virtual 
work and sometimes referred to as the energy-mechanism-ap~oach, can be 
summari zed as follows: On,ce the slab has been reduced to a mechanism by an 
assumed yielding configuration, a certain displacement 0 may be considered at 
any point in the slab. Based on this assumed displacement, . .:t;hemov.ements of 
all the slab segments can be determined by geometry., The applied loads, 
moving with the slab segments through the corresponding displacements, con-
tribute to the energy of the system, while simultaneously the moments acting 
at the yield lines oppose the rotations originated by the displacements of 
the slab, and in so doing absorb energy from the system., 
According to the principle of virtual work, the energy contributed 
to the system by the external forces must equal the energy absorbed by the 
internal forces. Since the rotations at the edges of the segments are pro-
portional to the vertical displacements of the slab, the load carrying 
capacity of the structure will be limited by the moment capacities at the 
hinges, which in yield-line theory are assumed to be equal to the yield moments. 
The limiting load computed using this principle, and corresponding to the 
assume~ pattern of yielding, represents a maximum value for the ~oilapse load 
of the structure. Another pattern of yielding could be found for which the 
collapse load would be Q.mallero Therefore, the co~rect pattern of yielding, 
that is, the one that will actually form, will be that which corresponds to 
the minimum collapse loading 0 
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The work done by the applied loads in each slab segment is equal 
d d, where w represents the value of the uniform load and 5 the 
x y 
vertical displacement of each slab point 0 The integration is to be c-a.rried out 
over the entire slab segment. 
The work done by a moment M acting through a rotation 8 is equal to 
the scalar product of the two vectors, M and 8; that is, it is equal to 
Mo8~cos M8. The resultant of the moments acting at the edges of each slab 
segment can be found by vector addition. This resultant, multiplied by the 
rotation of the slab segment considered, will yield the total internal work 
done in the segment. It is usually convenient to resolve both the resultant 
moment and the rotation of the segment into components along the x and y 
axes~ which are normally chosen in the directions of the reinforcement. Thus, 
the total internal work is equal to. -M 08 + M • 8 , where M and M are the 
x x y y x y 
components of the resultant moment along the axes x and y, respectively, and 
8 and e are, similarly, the components of the total slab rotation 8. 
x y 
The reactions at the supports of the slab do no perform any work 
since the supports are assumed to be rigid and therefore no vertical dis-
placement occurs at these lines. 
By applying the principle of virtual work to the slab as a whole, 
the following equation is obtained: 
where the summations are carried out over the entire slab, and the integrations 
are made for each indi vidual se~ent 0 The value of w that will satisfy the 
equation above represents the collapse load for the yield pattern considered. 
As in the equilibrium approach, the main problem in this method 
is to determine the critical. pattern of yielding. Once the collapse load 
corresponding to an assumed yield configuration has been computed, a check 
must be made to determine if the value found represents the minimum collapse 
load for that type of yield pattern. This can be done by considering the 
equilibrium conditions of the individual segments. If the pattern assumed 
is the correct,one, each segment will be in equilibrium under the action 
of the applied load just determined when the moments acting at the edges are 
equal to the yield moments. Otherwise, the collapse load ~btained represents 
an upper bound value, and the yield configuration must be modified to obtain 
a smaller load for which the equilibrium conditions of the individual segments 
will be satisfied. 
,The trial and error procedure just described need not be used 
strictly in this energy approach. The locations of the yield lines may be 
expressed as functions of-a'certain number of unknown parameters, Xl' x2' 0 0 ~ 
Since the displacement at one point in the structure fixes the displacements 
X 0 
n 
and the rotations of all the slab segments, the work done by the external and 
the inte+nal forces of the system may be expressed as a function of these 
parameters. Based on the equality of the 'Work d.one by the external and the 
internal forces, the load carrying capacity of the structure may be expressed 
as a fUnction of those unkno-wn parameters and of the yield moments of the 
slab by the following equation: 
where ~ represents symboli~ally the ,yield moment per unit width of a section 
of the slab 0 But since the yield moment per unit width may be different in 
the short and long span directions, and in the positive and negative moment 
regions, ~ will 'not represent, generally, a single value .. It-will be replaced 
then by several values correspondi~g to the distinct yield moments obtained 
at different slab sections. 
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Since the minimum value of w that will satisfy the equation above 
is sought, the values of the parameters that determine the critical yield 
line pattern may be found from the conditions: 
of dX:"" = 0, 
1 
of Ox =0, •. 0, 
2 
The minimum collapse load can then be found by substituting the 
values obtained for the parameters xl' x2' •• 0 xn' back into the original 
equation 0 
This approach, although theoretically possible in all cases, often 
results in complicated algebraic exPressions and for this reason is usually 
replaced by the trial and error procedure described before. 
606 Corner Levers 
The .phenqmenon of corner levers may be examined by considering the 
case of a uniformly loaded simply supported square slab" Due to the symmetry 
of the structure the yield lines tend to form along the diagonals of the 
panel 0 However, it may be shown that in order for a positive yield line to 
enter a corner between intersecting supports shear forces are necessary at 
such a corner to prevent the slab ·from lifting from the supports. If the· 
slab is not anchored to the supports a different yielding configuration will 
form, as shown in Figo 36, and the corner segment will lift up and rotate 
about the axis a-a, constituting what is called a "corner lever(lo This 
yi'eld pattern occurs because, for the same loading, it requires a larger 
moment value at the yield lines than the pattern assumed originally; con-
versely, the new pattern allows a smaller collapse load if .the yield moment 
capaci ty of the slab is maintained constant 0 
If the slab is held down in contact with its supports, but without 
any extra reinforcement at the corners, an additional fracture line will 
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occur along the axis a-a" and the capacity of the slab .will be decreased. 
In the case of a simply supported square slab with uniform reini'orcement, 
this reduction in load capacity amounts to 9 percent" 
However, if-negative moment reinforcement is pr9vided at the corners 
in such a way that a yield moment per unit width mY could be developed ·'there 
in any direction, the additional yield line a-a will move closer to the corner 
with increasing amounts of negative reinforcement 0 For a negative yield 
moment ~I equal to the positive yield moment~, the additional yield line a-a 
disappears, .and the positive yield line extends to the corner, as assumed in 
the original pattern. 
A detailed discussion of this phenomenon,'together with an evaluation 
of the dimensions of corner levers and of the corresponding load carrying 
capaci ty of the slab for different ratios of ~ f to !!!,j may be found 'in 
Reference 180 
6.7 Slabs with Unequal Reinforcement in Perpendicular Directions 
Before a detailed study of the yield characteristics of two-way 
rectangular slabs is undertaken, it is convenient to consider the general case 
of slabs with di+'ferent yield moment values in perpendicuiar directions 0 Up 
to this point, it has been assumed that the slab has the same yield moment 
c.apaci ty in any direction. Therefore, the total yield moment acting at a 
particular yield line could be represented by the yield line itself considered 
as a vector, and the resultant of the yield moments acting at the edges of 
each slab segment could then be obtained by simple vector addition. 
However, in most slabs it is neither economic nor necessar'y to 
provide an' equal amount of reinforcement in both directions. The amount of 
reinforcement in the long direction of the panel is, in general, appreciably 
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smaller than that in the short directiono Since the yield moment capacities 
of the slab in these two directions are then different, the yield moment at 
a particular section is a f'unction of the angle that the section forms with 
the direction of the reinforcemento 
If the yield moments, per unit 'Width of slab, in the directions x 
and y are represented by m and m, respectively, the yield moment per unit 
x y 
width, met in a direction forming an angle a with respect to the x~axis will 
be equal to 
m = m cos 
a x 
In addition to this bendin~ moment ma' a twisting moment mt will be 
acting at the same section, its unit value being 
m = (m - m ) sina cosO t x y 
Therefore, since the vector representing the resultant of the bending 
and t~isting moments acting at a yield line does not coincide in direction 
with the yield line proper, it becomes convenient to deal with the components 
of this resultant vector along axes parallel to the reinforcement, rather 
than with the resultant vector itself. Thus, substituting these moment 
components for the bending and twisting moments acting at the yield lines, 
the analysis of the slab may be carried out, using either the equilibrium 
approach or the virtual work method, as described previously f'or s~abs with 
equal yield moment capacities in perpendicular directions. 
In certain cases it is convenient to reduce the analysis of' a 
slab with unequal reinforcement in perpendicular directions to that of' a 
similar slab with equal yield moment capacity in any direction, by modifying 
the dimensions of' the slab according to certain rules (See Reference 18). 
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Ho,\V'ever, for rectangular slabs supported along their four edges this sub-
stitution is not necessary, and the analysis may be carried out directly for 
the slab in question~ 
In the case of rectangular slabs reinforced in tvo directions, the 
vectors representing the resultants of the positive yield lines in the 
interior of a panel always coincide with the edges of the panel; furthermore, 
the negative yield lines are also located at these edges. Since the yield 
moments per unit width are known at these locations, the total yield moments 
acting across these resultant lines will be equal simply to the length of the 
edge in question times the yield moment resistance per unit width in the 
direction considered.. It can be noted that the total yield moment resistance 
will be independent of the relative position of the component yield lines. 
For instance, consider segment I in the rectangular panel with the pattern of 
yielding shown in Fig. 37. The resultant of the moments acting across the 
posi ti ve yield line AEB is equal to the product of the lep,gth AB times the 
yield moment capacity per unit width in this direction, which in this case 
is m 0 It may be seen that the same total positive yield moment would be 
-x 
obtained if the yield line followed the pattern AE'B instead of the one con-
sideredo 
Similarly, the resultant of the yield moments acting across the 
positive yield lines limiting segment II will be equal to BC times the yield 
moment per unit width in this direction, which is equal to m 0 y 
Therefore, the equilibrium approach may be used to determine the 
yield· load capacity of two-way rectangular slabs in the same manner that 
was presented for slabs with isotropic reinforcement, with the condition 
only that different yield moment values per unit width must be used for 
the two directions of the panel. This procedure has been followed in 
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Chapter 7 to evaluate the yield load -capacity of slabs designed according 
to the different methods. 
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7. YIELD CAPACITY OF TWO-WAY SLABS DESIGNED 
ACCORDING TO THE METHODS CONSIDERED 
7 .. 1 Types of Yielding in Two-Way Rectangular Slabs 
Two types of yielding may occur in two-way rectangular slabs 
supported on concrete beams: yielding as a panel and yielding as a structureo 
In the first case, the slab panel yields at the faces of. the 
supporting beams and along failure lines extending diagonally from the 
corners towards the middle region of the panel, while the supporting beams are 
still capable of carrying additional load. Thus, this case represents 
essentially a failure of the slab proper. 
In the second case, the structure fails along positive and negative 
lines running parallel to the supports. The limiting load is obtained when 
yielding occurs in both the slab and the supporting beams where they cross 
the failure lines.. This type of yielding can occur only if the slab panel 
itself has a higher yield capacity than the combined structure fo~ed by the 
slab and its supporting beamso 
These two types of yielding will be considered for the general case 
of a rectangular slab with different positive yield moments in the two direc-
tions, and with different ratios of negative to positive yield moments at the 
four edges. 
The following simplifying assumptions will be made: 
(a) No corner levers are formed in the slab. This assumption 
requires that enough negative moment reinforcement be provided at the corners 
of the slab to prevent the formation of these levers. 
(b) The yield moment per unit width of slab is constant in any 
particular direction, but may vary from one, direction to the other. Conse-
quently, the total amount of reinforcement acting across a panel section will 
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be assumed to be uniformly distributed through~,the section) although in 
reality the reinforcement is placed at a closer spacing in the middle strips 
of the slab than in the column strips. It has bee~ shown (17) that the 
actual distribution of the reinforcement results in a slightly higher load 
carrying capacity than that obtained under this assumption. 
7.2 Notation 
Only those symbols which appear in this,chapter for the first time 
are included in this list. 
wp = uniform load per unit area for yielding as a panel 
wL = uniform load per unit area for yielding as a structure in 
the L direction 
w = same in the Ll direction Ll . 
Wd = uniform load per unit area for elastic design 
Ws = S wd 
~'~I' ~II' ~ = total negative yield moments across edges of 
slab in segments I, II, III and IV, respectively. 
~, ~ = total positive yield moments across panel middle lines, 
in directions L and LI, respectively. 
~, ~I' ~II' ~V' = vectorial sums for panel segments I, II, III 
and IV, respectively, of the total negative 
yield moment acting at the support of the 
segment and the total positive yield moments 
acting at the other edges. 
~, ~ = static moments in the directions L or Ll, respectively, 
of the total slab load producing yielding of the panel 
were it reinfor.ced only in the direction considered. 
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~, ~I' ~II' ~IVJ= sums of negative and positive beam yield 
moments in slab segments I, II, III and IV, 
0= Ll 
L 
respectivelyo 
static moments in the directions L or Ll, respectively, 
of the total slab load producing yielding of the panel 
its supporting beams 0 
~, K = parameters depending on the value of 0, as defined in 
Section 7.3 
~, h2, h,,-, h4 = dimensions of the slab segments, as defined in 
Fig. '7 
L, Ll = slab spans as defined in Section '02 
Md = design moment at a critical section 
s - £:i. = 
- fs 
yield stress of steel reinforcement 
design stress of steel reinforcement· 
70' Yielding as a Panel 
Consider the general case of a rectangular slab reinforced in both 
directions and with any conditions of continuity at the edgeso Assume that 
the amounts of reinforcement, and therefore the yield moments, across the 
edges and middle lines of the panel are known, and that the steel is uni-
formly distributed across each particular sectiono 
The limiting load capacity of the panel will be obtained when yield 
lines form as shown in Fig. 370 This limiting load and the exact pattern of 
yielding can be found, based on the dimensions of the pan~l and the yield 
moments at the critical sections, by considering the equilibrium of the four 
slab segments obtainedo 
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In general, the load carrying capacity of a slab is a fUnction of 
six moment values: the negative yield moments at each of the four edges of 
the panel and the positive yield moments in the span in each of the two di-
rectionso The total yield moments across each of these sections will be 
designated according to the notation presented in Section 7.2. 
For the yield pattern shown in Fig.. 37, the resultant of the 
positive yield moments acting on each slab segment will be a moment about the 
support of the segment. Thus, the vector representing this resultant will be 
parallel to that representing the negative yield moment at the edge, and con-
sequently: 
These moments ~, ~I' ~II and ~v represent then the maximum 
values of the internal resisting moments that can be developed in slab seg-
ments I, II, III and IV, respectivelyo Therefore, they establish the limiting 
values for the external moments produced by the applied loads. 
In order to simplify the derivation of an expression for the limiting 
load in the slab for yielding as a panel, it is convenient to establish 
first the relationship existing between the values ~I and ~VJ and the static 
moment in the L direction, {, of the load that would produce yielding of 
the panel were it reinforced only in this, 'd:ir~c~ion. 
Consider the slab panel acting as a one-way slab in the L directiono 
Under increasing load, negative yield lines will form along the supports of 
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the slab, while a positive yield line will extend through the middle region 
o:f the panel, running parallel to the supports (Figo 38a) 0 The load carrying 
capacity o:f the panel will be attained when the moments at the supports and 
at some section at or near the middle line reach their maximum allowable 
values, which, according to the Yield Line Theory, are the yield momentso 
But the.se yield moments will be equal to ~I' ~ and~, respectively, the 
same va.lues that limit the load carrying capacity of" the slab :for yielding as 
a panel. The relationship between ~I' ~IV and ~ can then be established by 
considering the moment diagram presented in F1go 390 
Since the shearing :force at the positive yield line is zero, the 
slab can be cut at this line (Figo 38a),and the :following equilibrium equations 
:for the two resultant segments can be established: 
< + ~I- wLl h
2 
2 0 (l) = 2 
~+~ wLl h
2 
4 0 (2) = 
2 
From the conditionso:f geometry: 
h2 + h4 = L ( 3) 
From Eqo (1), h2 = J w~ (~ + ~I) = Jw~ ~; 
i 
J W~l rf~ From Eqo (2), h4 = J W~ (~ + ~v) = 
substituting these values into Eqo (.3) and squaring the resultant expression~ 
L2 = ..L [ K;+ ~J2 (38.) wLl 
Since ~= wL~ , the :following expression results: 8 
-Bo-
~ = (g; ;R;)2 ( 4) 
A similar derivation for ·the moments in the Ll direction yields: 
Consider now the case of a slab panel with the yield pattern shown 
in Fig. 37. From the conditions of equilibrium of the four panel segments, 
the following equations are obtained 
2 
for segment I: 0 ~- w-pLhl = 6 ( 6) 
segment II: ~I - Wph~ (hl + h3) 2 (Ll-~ -h3) for 0 = 6 - wph2 2 
2 
for segment III: 0 = ~II _ >112 (7) 
for segment IV: 
The equations from segments II and IV may be reduced to 
for segment II: o = ~I (8) 
for segment IV: 
From Equations (8) and (9) 
~I ~ 
h2 
= -2 
2 h4 
and thus) h2 h4 R' = R; 
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Taking into account Eq. (3), h
4
= Lg 
that is 
Similarly, 
J ~I' + Jr?r' 
LF?: 
h4 = 2 j!{ I 
h - L F{; 2-2W 
Now; from Equations (6) and (7), 
and 
thus, 
and taking into account Eq. (5) 
h~+h = J 6 '.2 r::s-' 
.. 1. 3 L wp J l·U 
(10) 
~II 
(11) 
Substituting the values of h4 and ~ + h3 given by Eqs. (10) and (11)" res~ 
pectively, into Eq. (9): 
"1v - wp 4L~ "1v [~ -3 J L ~p' • 2 J ~' ] = 0 
or 
from which the following expression may b.e derived: 
By solving this qu~d.ratic equation for JwP~ and squaring the resulting 
expression to obtain wp' the following equation is arrived at: j ~ 1 
l+ l+3~ ~ (12) 
2 
This equation is valid only when b,2 + h 4 = L, that is when 
~ + h3 
Ll. S 10 This condition establishes the limit of appli~ability of Eqe (12)0 
By substituting into Eq. (11) the value of ~~ obtained from Eq. (12), it may 
be observed that the condition above may be satisfied only for values of 
Ll 
L > 1. 
Values of < 1 correspond to slabs with a pattern of yielding 
such that h2 ,+ h4 < L, while ~ + h3 = Ll. A derivation similar to that 
shown above will yield the following equation: 
(13) 
Equations (12) and (13), giving the limiting load capacity of the 
slab for yielding as a panel, may be represented by the following:single 
expression: 
where K and t3 are parameters that depend on the value of the ratio 
Ll ~ 
LO ::S' 
. J"~l 
which will be designated here by ao 
For a ~ 1, 
For a < 1, 
t3 = a 
1 t3=-0; 
and 
and 
8 ~ K=-3 LL12 
8 ~ K=-3 L~ 
(14) 
(16) 
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7.4 Yielding as a Structure 
As mentioned before, a slab will fail as a structure when parallel 
yield lines form, in both slab and supporting beams, along the edges of the 
panel and across a positiv~ moment section at or near the middle line of the 
panel. Thus, the slab is divided into two segments in either direction, as 
shown in Fig. 38. 
Assuming that yielding will occur in the L direction as shown in 
Fig .. 38a, the yield load may be determined in terms of the combined yield 
moments of the panel and its supporting beams at the negative and positive 
yield lines, in a manner similar to that used before to evaluate the maximum 
static moment that can be developed in a slab panel with the same pattern of 
yielding. Thus, substituting ~I + ~I and ~ + ~ for ~I and ~V'" 
respectively, into Equation (3a), the following expression is obtained: 
Therefore, 
but 
4 
T 
= ·ML (18) 
where ~ represents the static moment in the L direction of the load pro-
ducing yielding of the panel and its supporting beams. Thus 
If the structure yields in the Ll direction, as shown in Fig. 38b, 
the following expression for the yield load capacity of the slab may be 
found in a similar way: 
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[ J ~ + ~'+ + ~IIi ] 2 2 J~II wLl = LL12 
[ J~ + ~ I J~II ] 2 
r{l 
+ + ~II 
and since = 4 
(21) 
8 ~ wLl = LLl2 (22) 
705 Yield Moment Resistance at a Critical Slab Section 
In an ordinary reinforced concrete slab the percentage of rein-
forcement provided is usually so low that the steel will yield long before 
the concrete crushes. Therefore, the l~iting moment capacity at a critical 
section is practically equal to the yield moment, and thus is mainly a function 
of the amount of reinforcement present at the section, for a constant depth 
of slab. 
If it is assumed that the reinforcement has been provided exactly 
in accordance with the computed design moments, the yield moment of each 
section considered will be proportional to its corresponding design moment, 
the ~actor of proportionality being'approximately equal to fy/~s, as shown 
in the following paragrapho 
In general~ the design moment, Md, at a section in the slab can be 
expressed as 
M = C w b" d d 
where wd represents the design working loado 
Md 
To resist this moment, an area of steel As equal to fsjd is providedo 
The yield moment corresponding to this section will then be 
M 
M = As fy . d - _d_ f . d - 1:3:. M Y J - fsjd Y J - fs d 
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Designating by S the ratio of the yield stress fy to the design 
stress fs of the steel used as reinforcement: 
My = S Md ::; sew d b 3 ::; c (s W d) b 3 
or M = C W b 3 y s 
where 
Therefore, since the yield moment of a section of the slab is pro-
portional to its corresponding design moment, it is possible to determine 
the yield moments at the critical sections of slabs designed according to each 
of the different methods considered in this study, by using the design moment 
coefficients specified by the method in question. These yield moments will 
then be expressed in terms of a load equal to S times the design load. Con-
sequently, the moment coefficients listed in Tables 3 through 29 were used 
directly to determine the relative yield moment values at the critical sections 
of slabs designed according to each of the methods studiedo 
7" 6 Evaluation of Yield Loads 
As indicated in Sections 7.3 and 704, the load carrying capacity 
of a two":way slab may be determined by means of Equation 14, for yielding 
as a panel, and Equations 19 and 22, . for yielding as a structure 0' Based on 
these equations, the loads producing yielding of the slab in each of these 
two modes were computed in this section, for slabs with two or more con-
tinuous edges designed,according to each of the four methods studied. The 
cases of slabs with three or four discontinuous edges were not treated since 
their relative importance is very slight 0 However, both of these types of 
slab could be analyzed in a manner similar to that used for the other types" 
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It must be remembered that in computing yield moments the total 
amount of reinforcement required across any section of the slab was considered 
as being uniformly distributed across that section, although this is not 
usually the caseo However, all reductions in the amount of reinforcement 
allowed by the design method in question, as well as the requirements on 
minimum amount of reinforcement in th~ long direction of the panel were taken 
into account in determining the total requiredo 
The yield load wp' producing yielding of the slab as a panel, is 
expressed in Eqso 12 and 13 as function of the static moments ~ and ~o 
These moments are given by Eqso 4 and 5, respectively, in terms of the 
summations of yield moments ~, ~I' ~II' and~, which in turn have been 
defined in Section 703 
The yield loads wL and wLl' for yielding of the slab as a structure, 
are expressed by Eqs 0 19 and 22 in terms of the total static moments ~ and 
~o These total moments can be computed using Eqso 18 ~d 21, based on the 
summations of moments across both slab and beams at the critical sectionso 
Values of ~ and ~, ~ and ~ are presented in Tables 3 through 
29, for each of the slabs considered in this study, in the rows designated 
by L:; under the column headings ""Total Slab MomentlT and "Slab + Beam Moments" J 
respectivelyo These values were obtained using the corresponding equations 
mentioned aboveo 
It should be noted that whenever the negative panel moments at 
the two ends of a span are equal, that is, when ~I equals ~v or ~ equals 
~II' the corresponding static moments are simply equal to: 
(23) 
and (24) 
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S~larly) if the negative moments at the two ends of a beam are 
equal) ~I equals~) or ~ equals ~IIo Since the conditions for which 
thi s . holds true are the same as tho se for whi ch ~I equals ~V) or ~ equals 
S 
MIll' Equations 18 and 2l become simply 
(25) 
(26) 
Therefore, the yield loads for failure of the slab as a structure in either 
direction can be computed by the following equations: 
8 
w =--
L L2u 
and 8 =-- (~+ ~) (28) 
The simplified Equations 23 through 28 were used for the analyses 
in both directions of typical interior panels and panels continuous at two 
opposite edges, and for the analyses in the direction parallel to the dis-
continuous edge of typical edge panels 0 
Values of the limiting load capacity of slabs, for yielding as 
a panel and as a structure, are presented in Tables 33 through 36 for each of 
the four types of slabs considered in these yield analyses: interior panels, 
edge panels) corner panels and panels continuous at two opposite edgeso Each 
table includes the results obtained for slabs designed according to each of 
the four methods studied. 
The moments ~) ~) Mi and ~ presented in thes.e tables are all 
expressed in terms of Ws b3. The yield loads wp' wL and wLl·are expressed 
in terms of w and a represents an absolute ratio. 
s 
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As a summary of these analyses, two additional columns are included 
in Tables 33 through 36. The first presents w, the fI estimated yield loadlT 
which, for each slab considered, is equal to the lowest of the values wp' wL 
and VlLl 0 The type of yielding corresponding to this minimum value is shown 
in parentheses. The last column contains the ratios between the computed 
loads for yielding of:' the slab as a panel and yielding as a structure, the 
latter value being always the smaller of wL and wLl 0 
To facilitate the comparison of the yield loads corresponding to 
similar slabs designed.by the different methods, and of the yield loads corres-
ponding to each particular slab design for yielding as a panel and yielding 
as a structure, the values of the yield loads wp' wL and VlLl for each of 
the different types of panels analyzed have been plotted in Figs. 40 through 
43 for the four methods studiedo The values presented for the Modified 
Elastic Theory are those corresponding to a live load-dead load ratio equal 
to three .. 
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80 ORIGIN AND DERIVATION OF THE DESIGN PROCEDURES CONSIDERED 
801 Introduction 
A description is presented in this chapter of the basic principles 
involved in each of the methods consideredJ and of the manner in which the 
different factors affecting the stress conditions in a two-way slab are 
taken into account in the recommended design procedureso 
The object of this chapter is to indicate the assumptions involved 
in each ~ethod, the variables considered and the manner in which they are 
taken into account in the evaluation of the design maments J and the limitations 
and simplifications imposed on the application of the methodo This chapter 
is intended to serve as a basis for the comparative discussions of the design 
philosophies of the four methods which will be presented in Chapters 9 and 100 
It should be indicated that the descriptions included here are 
based mainly on the original presentations of the different methods and that 
the reasons and arguments of derivation presented are those given by the. 
original authors 0 Each method will be described individuallYJ and all com-
parative discussions of the basic assumptions and of the relative accuracy 
of the different features of the methods under consideration will be pre-
sented in Chapters 9 and 10 u 
802 ACI Method I 
802ul Origin and development 
Method I is based on the regulations developed originally by 
30 DiStasio and Mo Po Van Buren for the New York City Building Code, which 
were later adopted by the ACI in 1936 (20) 0 Although the method has under~ 
gone some transformations in the subsequent ACI Building Codes, it renains 
essentially unchanged, since these transformations have been mostly simpli-
fications in the presentation of the method, with only very few minor changes 0 
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The theoretical basis of this method was presented in 1936 in a 
paper by DiStasio and Van Buren (21) 0 SubsequentlYJ in 1945)! Bertin and the 
original authors suggested in a second paper (22) certain simplifications to 
the method which "Were later adopted in the Code in 1947 (23) 0 
80202 General description 
In this method} moments and shears in slabs and supporting beams are 
obtained by using a rigid frame type of elastic analysis} once the proportion 
of the uniform load carried by the slab in each direction has been determined 0 
This distribution of load between the t"Wo directions of the slab is based on 
the "rectangularity of the panel l1 j as measured by the distances between the 
lines of contraflexure in the panel, when only the panel under consideration 
is loadedo 
Two procedures are considered~ . oneJ a general procedure that can 
be applied to slabs with any n condi tions of rectangularity} restraint, arrange-
ment of loading)! and variations in adjoining bays If (21); and the other, a 
special procedure to be used "When the slabs considered meet certain limitations 
imposed on the length ratio of consecutive spans 0 
In the general case} a rigid frame analysis is made to detennine 
the location of the lines of contraflexure, which in turn will determine the 
proportion of the load carried in each directiono Once these are known, 
moments and shears at the critical sections are computed usi.ng again a rigid 
frame analysis and loading the structure so as to obtain maximum values at 
each of the sections consideredo But for most cases, when the special pro-
cedure described in the method can be applied, both the position of the lines 
of contraflexure and the moment and shear coefficients for the critical 
sections can be determined directly from the provisions given in the Codeo 
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Although the notation currently used in the ACI Code (1) is most 
adequate for the practical application of the method in design, the original 
notation in Reference 21 seems to be more convenient for a presentation of 
the assumptions and the derivation of the method, and therefore will be used 
in this chapter 0 
This notation, with the corresponding equivalents in the present 
Code shown in parenthesis, is as follows: 
A = (L) = clear span in direction considered 
B = (~) = clear span in direction perpendicular to A 
FAA = (gL) = distance between lines of contraflexure in the direction 
of A 
N = = length of the continuous perimeter in the panel 
t = = minimum slab thickness 
ljf = (B) = bending moment coefficient for one-way const~ction 
r A = = proportion of the total load carried in the direction of A 
eA = factor to take into account the non-uniform distribution 
of load on span ,A J._ 
FAA 
-- - (r) = degree of rectangularity FBB -
KA = = stiffness of panel considered in the direction of A 
K = AR = stiffness of adjacent panel in the direction of A 
eAr A = ( C) = factor modifying bending moments prescribed for one-way 
construction for use in proportioning the slabs and 
beams in the direction of A 
w = (w) = total uniform load per unit area., 
FB B, r B and eB represent the corresponding values in the direction of Bo 
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8.2.4 Assumptions and basic for~ulas 
Moments at the critical sections are given by the formulas: 
These two formulas reflect closely the three main principles on 
which this method is based: 
11(1) The greater proportion of the panel load is carried in the 
stiffer of the two directions of the panel. 
(2) The proportion of the total load carried by any element is 
generally not uniformly distributed along its span. 
(3) The slab and parallel beams together carry the total load" 0 (21) 
The first principle is represented in the formulas by the factor 
r A, which depends on the relative stiffness of the slab in the direction 
considered with respect to that in the direction perpendicular to ito The 
second principle is expressed by the factor eA, and the third, by the factor 
(l-eArA) appearing in the expression for beam momentso 
8.2.5 Distribution of total panel load 
The distribution of load between the two directions of a slab is 
based on the relative stiffnesses of the panel in these two directions, as 
measured by the distances between the lines of contraflexure when only the 
panel under consideration is loaded. The load carried in each direction is 
assumed to be in inverse proportion to the cube of the span FAA or FBB 
between lines of contraflexure. This distribution ratio vlas chosen by 
DiStasio and Van Buren after comparison with other common distribution 
ratios as that Ilgiving results most consistent with the investigation. 1T (21) 
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There~oreJ once the values of FAA and FBB are known, the proportion 
of load carried in the direction of A may be determined as a function of 
the ratio FAA/FBB (designated by r in the present Code) by the formula: 
and consequently r B = I - rAo 
Thus., the factors rA and I13 are expressed as functions of the 
ratio FAA/FBB which in turn depends essentially on two factors: the ratio 
of sides,. and the conditions of continuity at the supports of the slab ° 
80206 Location of lines of contraflexure 
In the general case, the location of the lines of contraflexure for 
the moments acting in each of the two directions of the "panel is detennined 
by means of a rigid frame type of elastic analysis, when only the span. under" 
consideration is loadedo 
Studies "made by DiStasio and Van Buren showed that the factors 
FA and FB for a certain panel depend mainly on the relative stiffness of the 
span considered, KA, with respect to that of the adjacent span or spans, 
KAR, and that they vary very little with changes in the stiffness of more 
distant panelso They concluded that in most cases the position of the lines 
of contraflexure of the loaded span could be determined accurately enough 
by means of formulas derived on the basis of an elastic analysis of a 
structure consisting of an infinite number of spans, all alike except the 
loaded one 0 The i"-o-rniuJ.-a.-s whicn they proposed were: 
for interior spans: F = A . 1 -
1 
K 
L5 + 7/8 K~ 
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for end spans: 
For a span discontinuous at both edges FA is obviously equal to 1. 
In the present Code, following the proposal made in Reference 22, 
the formulas just mentioned have been eliminated, taking into consideration 
the relatively narrow range of variation of these coefficients when the ratio 
or stiffnesses of adjacent spans is at least 2/3 or at most 3/2 (values of 
FA for slabs between these limits range from 0084 to 0089 for end spans and 
from 0072 to 0.80 for interior spans, respectively). Then for slabs within 
these limits, the Code recommends for g, the equivalent symbol for FAJ the 
following values: 
for interior spans~ g :::: 0076 
for end spans: g 0.87 
for spans discontinuous at both ends: g:::: 1.00 
8.207 The equivalent uniform load 
To take into account Ilthe variation in the intensity of loading along 
each span f1) DiStasio and VanBuren suggested the use of a. factor tl e It J to be 
applied to the distributed load for each slab direction determined before, 
to obtain equivalent uniform loads that would produce maximum moments in 
each span equal to those developed in an actual slab. 
As mentioned before the distribution of load between the two di-
rections of a slab was based on its relative stif~nesses) in these two direc-
tions, as measured by the spans between the lines of contraflexure. But in 
reality, no single set of values can represent the relative stiffnesses of 
the slab for all points in the panel, since these change with the position 
of the point considered with respect to the supports of the panel. And 
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since the proportion of the load carried in each direction is a function of 
the relative stiffness of the panel in the direction considered it·is clear 
that these proportions can not be constant throughout each span, and that 
the, moments obtained using that assumption 'Would be incorrect. Thus, the 
loads derived from the distribution procedure mentioned before had to be 
modified to obtain equivalent uniform loads that would yield values for the 
maximum. moments in agreement with the actual moments in a slab 0 
The factor If ell was considered to be a function of the rectangulari-by 
of the panel, as measured by the spans between the lines of contraflexureo 
Values for this factor were obtained from a consideration of two extreme 
condi tions: a square panel, and a rectangular panel with ratio of sides equal 
to two, both simply supportedo 
* For a square. panel, the maximum moment at midspan, taken erroneously 
as 1/24 WA2, was compared with the moment obtained by assuming the load as 
equally distributed in both directions: 2 1/16 wA 0 A factor "e" equal to 
2/3 had to be applied to the latter in order to make both moments equal 0 
For the rectangular slab with ratio of sides equal to two, the entire load 
was assumed to be carried practically in the short direction, so the value 
of e was evidently equal to 10 Thus, between these limits the value of e 
was assumed to vary between 2/3 and 10 
For continuous spans they assumed that the same variation in the 
value of e could reasonably be expected, provided the distances between the 
* The coefficient 1/24 was rounded off by DiStasio and Van Buren from the 
value 000422 presented by Wise in (24)0 In this paper Wise computed the 
moments at several points in simply supported plates with various ratios of 
sides, using the Elastic Membrane Method developed by Marcus. However, since 
he used a very coarse network to establish the d.i£ference equations (only 
four p~els in each direction), the results he obtained were only approximate 0 
The maximum moment at midspan in a square panel has been determined accurately 
by many authors, and it has been found equal to 0.0369 wA2, which corresponds 
to about 1/27 wA2 0 Thus the value of e in this case would be equal to 3/5, 
instead of 2/3 as derived by DiStasio and Van Buren. 
lines o~·contraflexure were substituted for the complete spans 0 For inter-
mediate cases, DiStasio and Van Buren proposed formulas for ~ which provide 
a smooth variation of this factor between the two extremes studied. These 
formulas are: 
and 
.' F pf-
and using for the rat~o F:B the present notation r: 
B 
2 2r 
= -;-===-4r - l and 
2 
e = ---
A 4_1 - 'r 
r 
In the present Code, the factor eA has been combined with rA into 
a new factor C, which depends entirely on the rectangularity of the slab, as 
measured by the parameter r, and for which values are given in Table l o~ (l) 0 
This parameter C represents the n equivalent uniform load factor It , 
by which the total load on the strip of slab considered must be multiplied 
in order to obtain the correct slab moments, when these moments are deter-
mined in both directions by means of frame analyses 0 It should be pointed 
out that these factors C, which represent the basic idea in this method, are 
to be used in both the general and the special procedureso It is only for 
the determination of th~ location of the lines of contra flexure, and for the 
evaluation of the bending moment coefficients, that the two alternate pro-
cedures are given, but they both are based on the concept of the equivalent 
uniform load factorso 
8c208 Bending moment coefficients 
. In the general method, the moments at the critical sections are 
obtained by means of frame analyses of the structure loaded with the equivalent 
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uniform. dead load, and with the equivalent uniform live load arranged in 
such a pattern as to produce the maximum moment at the section consideredo 
For slabs meeting the requirements of the special case, the bending moment 
coefficients given in the Code for one-way construction are recommended 
instead of the elastic analysiso 
80209 Lateral distribution of moments 
Studies made on the basis of the E+astic Theory of Plates have 
shown the distribution of moments across a section to be approximately para-
bolico Since the intensity of loading carried by each slab strip increases 
as its supports are approached, and consequently decreases in the direction 
perpendicular to it, the diagram of bending moments across a section drops-
off rapidly near the sides of the panel, while at the center half of the 
panel the moments can be considered to be approximately uniformo 
This observation would make it reasonable to assume a uniform 
distribution of moment at the center half of the panel section, and a moment 
considerably smaller (50% of that at the center, perhaps) uniformly distributed 
at the column stripso 
However, DiStasio and Van Buren thought that some provision had to 
be made for the moments that occur in the corners of the slab as a result 
of the much greater stiffness of the slab at these corners in the direction 
C perpendicular to the diagonal than in any of the two directions parallel 
to the sideso They considered that the moments computed in these regions 
in the directions A .and B were not the principal moments, due to the large 
torsional moments involvedo Instead, the principal moments here are: 
positive across the diagonal, causing tension at the bottom of the slab in 
the direction of span C, and negative in the direction of the diagona.l, causing 
tension at the top of the slab across span Co They concluded that if no 
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special reinforcement was to be provided for these corner moments, which 
was normally the practice, the concentration of stresses in this region made 
it necessary to provide in the design for the full negative moment value 
across the entire length of the supporto CorrespondinglYJ full positive 
reinforcement was required at column strips adjacent to discontinuous edges, 
while not more than 25% of the positive steel required at the middle strip 
could be omitted at those column strips adjacent to continous edges. 
802010 ~linimum requirements for plate action 
ConSidering that "the torsional resistance of the slab is a primary 
factor in securing a favorable distribution of the bending moments lf J the 
method requires a minimum reinforcement in the longitudinal direction equal 
to one-third that in the short direction Uto insure the development of this 
torsional resistance and some degree of uniformity between the moments of 
inertia in the two directions fi (21)0 
802011 Moments and shears in SUpporting beams 
Based on the assumption that the slab and parallel beams together 
carry the total load, the moments and shears acting on the supporting beams 
are determined in a manner entirely similar to that used for the corresponding 
values of the slab, using for this purpose the unit loads (l-eArA)w and 
(l-rA)w respectively 0 (These unit loads must yet be multiplied by the 
tributary width) 0 
It should be pointed out that since the factor e is used to 
correct only the moments obtained using the distributed loads J the end 
shears in the slab can be expressed simply as 1/2 r AwA or 1/2 r B wB (when 
the end moments are equal)o 
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802012 Minimum slab thickness 
The minimum thickness requirement has been changed twice in the 
successive presentations of the methodo Originally: in the 1936 paper} it 
was expressed as a function of ~he lengths of the sides of the panel, A and B, 
the length of the continuous perimeter: N, and the concrete cylinder strength} 
f~: by means of the formula: 
t > A + B - OolN 
- 72 
3/2000 I 
fV 
c 
This formula was obtained by limiting the deflections of the slab 
to udefinite ratios. of the span consistent ~th all conditions of rectangu-
lari ty and contin~i tytl " Starting from the assumption that 1/24 of the span 
was the minimum desirable thickness for one-way simple spans uniformly 
loaded, they concluded, taking into consideration the equivalent uniform load 
factor of 2/3 mentioned before: that for simply supported square panels, a 
minimum thickness equal to 1/24 x 2/3 = 1/36 of the span was adequate 0 Thus, 
their proposed formula yields these t'Wo values, 1/24 and 1/36: for simply 
supported slabs, when B is made equal to 2A, or A, respectivelyo 
Now, for one-way continuous spans, with an assumed moment at mid-
span equal to 1/12wA2, the required thickness for equal deflection is only 
about 80% that of simple beams. To take this into consideration, the term 
-OolN was added to the formula 0 And finally, to provide for cases where 
the concrete strength was different from the basic value of 2000 psi, the 
cube root factor was included 0 
In the second paper, the criterion for minimum thickness was 
simplified somewhat by dropping out the factor involving the concrete strength 
and by changing the form of the expreSSion to 
t > 
L continuous L disc. 
180 + 144 
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This formula yields} in the case of square panels} L/36 for simply 
supported slabs and Lj45 for slabs fixed at all edges, values that are con-
sistent with the previous results. 
And finally, in its present form, t ~ per~~ter) the Code has 
simplified further the requirement, by making no distinction between the 
conditions of continuity at the edges of the panel considered. 
80 3 ACI Method 2 
80301 Origin and development 
This method appeared for the first time in the ACI Building Code in 
1947 (23) J and has remained unchanged up through the preserrt edi tiona The 
method was taken directly from the Joint Committee Recommendations of 1940 
(25), which in turn were based on the moment coefficients suggested by 
Westergaard in 1926 (5). 
Since Westergaard's work constitutes the basis of this method, it 
will be presented in detail in the first sections of this chapter 0 Next, the 
recommendations of the Joint Committee on this subject will be treated. And 
finally} since no major difference exists between these recommendations and 
those of ACI Method 2, the last section will include only a brief description 
of the few modifications made in the final presentation of the method. 
80 30 2 Nota.tion 
The notation given in the Code for Method 2, which agrees entirely 
with that used by the Joint Committee in their Recommended Practice, will be 
used in this chapter. The basic notation has been presented in Section 2.3, 
but it· will be expanded. here to include the symbols required in a description 
of the different studies made by Westergaard. 
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m = ratio of short span length to long span length 
b = width of slab strip considered 
cl ' c2 and c3 = parameters in WestergaardVs general formula for slab 
moments 
parameters in Westergaard 9 s general formula for beam 
moments 
Mul = moments in slab due to uniform load distributed on all panels 
Md = design moments proposed by Westergaard 
M = WestergaardBs design moment for a simply supported square 
sp 
2 panel = 1/30 wS 
Mdp = Westergaard~s design negative moment for a slab with two 
equal square panels J simply supported at all edges = 1/20 wi 
M = slab moment per unit width in middle strip of section considered 
M = total moment in slab across section considered 
slab 
~ - beam moment at section considered 
-oeam -
N = number of slab panels intersected by section considered 
W = total load acting on slab panel 
v = ratio of average bending moment across a slab section to 
maximum bending moment in the same section 
80303 General description of Westergaard's analysis 
Westergaard based his analysis of two-way slabs on tlinformation of 
the following four kinds~ 
11(1) Results obtained by the theory of elasticityo 
tl(2) Results of tests of slabs of the kind dealt with hereo 
H(3) General information concerning the phenomenon of redistribution 
of stresses resulting from redistribution of relative stiffness as the 
stresses increase 0 
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n ( 4) Knowledge of the behavior of flat slabs tt (5) 0 
As a first step, Westergaard determined the maximum moments developed 
at the critical sections of square panels for different conditions of con-
tinuity with adjacent square panelso These moments were computed using the 
theory of elasticity, assuming the slabs to behave as elastic plates simply 
supported on non-deflecting beams which offered no torsional resistanceo The 
basic values were collected from the results published by several authors, but 
since not all of the values required for the critical cases of loading were 
directly available} re utilized a superposition proc.ed.ure} which will be dis-
cussed later, to determine the maximum values for the missing caseso 
Westergaard then modified the results obtained by the theory of 
elasticity to take into account the phenomenon of redistribution of stresses, 
the improbability of some of the cases of loading.9 and to allow.~ in general, 
the 28 percent reduction permitted in flat slabs J and suggested a set of 
coef~icients to be used in the design of slabs composed of square panelso 
Next, he considered the case of rectangular panelso The moment co-
efficients corresponding to the two extreme cases of rectangularity were 
already determined~ for square panels; the design coefficients he had 
developed applied; and for one-way slabs J the coefficients ordinarily used 
at that time were considered adequateo For panels between these two extreme 
conditions, Westergaard developed moment formulas that yielded curves of 
maximum moments versus ratio of sides very similar to those obtained by 
plotting the results found from direct application of the theory af elasti-
city for plates having various combinations of fixed and simply supported edgeso 
For the design of the supporting be~sJ Westergaard developed a 
set of coefficients based on the assumption that the beams must take that 
portion of the static moment not accounted for in the slab 0 In evaluating 
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the moments carried by the slab; the It true slab moments tI had to be taken 
into account., and not the tfnominal moments tI derived only for the purpose of 
proportioning the amount of reinforcemento That is, the 28 percent reduction 
made on the values of the critical moments had to be restored before the 
moment carried by the slab was deducted f'rom the total static moment.. Other-
wise, the beams would be designed for moments much larger than those they are 
actually required to resisto 
Westergaard considered first various combinations of square panels 
uniformly loaded throughouto From the design moments proposed, he derived 
tbe total slab moment in a strip of panels extending the full width of the 
structure, and determined the total moment carried by the beams by subtracting 
the slab moment f'rom the static moment. Then he distributed the total moment 
to the positive and negative critical sections, taking into account the con-
ditions of continuity of the supporting beams. And finally, the resulting 
moments were divided among interior and exterior beams roughly in proportion 
to the reactions in a continuous beam running perpendicularly to the beams 
consideredo 
To determine the beam moment coef'f'icients for other than uniform 
loading, Westergaard again used a superposition procedure 0 
Follo~ng the procedure described above, Westergaard determined 
also the beam moments corresponding to one-way slabs and compared the values 
obtained in this case with the coefficients used at that time for continuous 
beams 0 He found that; due to the extremely unfavorable conditions of loading 
he had considered, his analysis gave much higher values in some cases. Thus, 
taking into account the relatively low probability of occurrence of these 
loading patterns, he modified his coefficients to .gree with the values 
then in use. He decided that a similar correction was justified also in the 
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case of' slabs formed by square panels and therefore he carried the correction 
back to this case and derived a new set of coefficients to be used for the 
design of beams in the case of square panels. Finally, he proposed a set of 
formulas for the moments in the long beams of rectangular panels to attain a 
smooth transition bet-ween the knO"W!l values for the two extreme conditions of 
rectangulari tyo For the moments in the short beams, he suggested the use of 
the values corresponding to those for square panelso 
The analysis summarized here is explained in detail in the following 
t1vO sections., 
80304 Westergaard 8s coefficients for slab moments 
As a first step in the development of a set of design coefficients 
for two-way slabs supported on four sides, Westergaard considered the case 
of slabs consisting of square panels only j and determined the maximum elastic 
moments that could be developed at the critical sections under the most UD:~ 
favorable loading conditions" Thus, in this step only two variables were 
included: the conditions of restraint and the type of loading. 
Westergaard considered six types of panels, representing six 
different cases of continuity of a panel in a structure., These types were: 
(1) single panel, (2) end panel in a row of panels, (3) intermediate panel 
in a row of panels, (4) corner panel, (5) edge panel, and (6) interior 
panel 0 And for each case, he studied the loading conditions that would pro-
duce maximum moments at the critical sections., 
He based his analyses on results obtained by means of the theory 
of elasticity for plates simply supported on rigid beams, but continuous over 
the interior supports 0 From the results presented by different authors, 
Westergaard took the values corresponding to the following plates: single 
panel, double panel, one panel in an infinite row of panels and one interior 
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panel in an infinite slab, all of them. uniformly loaded throughouto 'He 
estimated in addition the values corresponding to a four-panel plate, and to 
a plate formed by an infinite double row of panels, both plates also uniformly 
loaded throughout" Then, by appropriate manipulation of the results from these 
six cases Westergaard derived the maximum moments at the critical sections, 
which corresponded to different loading conditions, for the six types of 
panel mentioned previouslyo 
Since the maximum posi ti ve moment at the cent'er of a panel is 
developed -when the restraints at the edges are minimum, the critical loading 
for this case is obtained by loading the panel in question and then loading 
alternate panels in both directions of the plate, in what could be called a 
f'checkerboard patternU 0 The moments produced by this loading can be derived 
from the results obtained for plates uniformly loaded throughout in the 
following manner" A checkerboard loading may be considered as the summation 
of two other loading patterns: (a) a uniform load acting throughout the 
structure, with an intensity equal to one-half the actual load acting on the 
panel, and (b) a loading pattern 'such that consecutive panels in both 
directions of the plate are alternatively loaded up and down, with an intensity 
of loading equal to one-half the load acting on the panelo 
The addition of these two loading patterns will produce the checker-
board loading desired" Thus, the moments due to this loading will be equa..l 
to the average of the corresponding moments for the two loading patterns" For 
the first loading pattern, Westergaard took directly the moments determined 
for the case in question using the theory of elasticity" And for the second 
loading pattern, since each of the panel edges behaves as a simply supported 
edge due to the antisymmetry of the loading, Westergaard considered each 
panel as simply supported all-around. 
~IO~-
Then, the positive moments for each of the six types of panels 
studied were obtained by averaging the corresponding values for the case of 
uniform load distributed throughout the structure and for a simply supported 
single panelo 
The critical loading condition for the maximum negative moment at 
a panel edge will be that for which the two panels adjacent to the edge are 
loaded) and the rest of the panels in the two directions of the plate are un-
loaded and loaded alternately. This loading condition cannot be reproduced 
exactly as the single checkerboard pattern mentioned beforeo However, if it 
is considered that the effect of loading or unloading panels distant more 
than two or three panel lengths from the edge in question on the moment at 
this section is very small) it is possible to develop a pattern of loading, 
which could be called "double panel checkerboard'.l., that can be reproduced 
easily in a manner similar to that shown for the checkerboard loadingo This 
double checkerboard pattern is entirely similar to the single checkerboard 
loading, except that each loaded or unloaded unit is formed by two consecutive 
panels 0 This loading can then be resolved in two loading patterns as dis-
cus~ed for the single checkerboard, and the moments due to it can be deter-
mined as the average of the moments obtained for the structure uniformly 
loaded throughout all panels and the corresponding moments in a two-panel 
plate uniformly loadedo 
Thus) by averaging the appropriate coefficients for plates uniformly 
loaded, the maximum values at the critical positive and negative moment 
sections can be obtained 0 These elastic moments were taken by Westergaard 
as a rt guide in establiShing formulas for the design of slabs of reinforced 
concrete) with the same pattern of panelslto 
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He considered next the phenomenon of redistribution of stresses under 
increasing loading that had been observed in tests of slabs of this type 0 He 
took as an example the case of a uniformly loaded rectangular panel in a con-
tinuous slab with positive and negative moment reinforcement uniformly distri-
buted throughouto At low levels of loading the slab acts almost exactly like 
a homogeneous elastic plate, the greatest moments being developed at the middle 
of the longer edges, while near the corners the moments decrease rapidly to 
zeroo When the load is increased, the diagram of moments across the longitudi-
nal edge is flattened out, since for a given increase in deformation the 
moments near the edges increase faster than those at the center 0 This is due 
to the increasing relative stiffness of the slab near the edges with respect 
to that at the middle of the panelo 
Simultaneously, there is redistribution of stresses from the negative 
to the positive moment regions of the slab, due to the relatively SJmaller 
rotations at the middle of the panel than at the edges 0 This causes 
eventually another redistribution of stresses, similar to the first, where 
the diagram of moments across the longitudinal middle line of the panel is 
flattened outo Finally, as the critical positive and negative moment sections 
in the short direction of the panel develop elastic hinges due to yielding 
of their reinforcement, the relative stiffness of the panel in the long 
direction increases, and therefore, a larger proportion of the load is 
attracted in this direction 0 This in then a redistribution of stresses from 
the short to the long direction of the panelo 
Westergaard considered still another factor in suggesting his 
design coefficients for square panels: the behavior of flat slabs 0 Flat 
slabs, according to the proviSions in the Code, are designed for a total 
moment coefficient, representing the summation of the positive and negative 
-108-
moment coefficients at the critical sections of rectangular panels uniformly 
loaded throughout, equal to 0.09, while the coefficient of the static moment 
corresponding to this loading condition is evidently 001250 But many tests 
on slabs of this kind have proved that slabs designed on the basis of this 
reduced coefficient behave properly under working loads and have an adequate 
factor of safety 0 Westergaard then concluded that, since the flexure of 
slabs supported on beams at the four sides is very similar to that of flat 
slabs, a reduction of equal magnitude, that is a reduction of 28 percent, . 
would be permissible in the moment coefficients used to determine the amount 
of reinforcement necessary in panels supported on four sideso 
Finally, taking into account also the improbability of some of the 
patterns of loading that yield maximum moments at the critical sections, 
Westergaard suggested a set of coefficients for the design of square panels 
covering the six different types described previouslyo These coefficients 
were obtained "under the assumption that the deflections of the girders are 
small compared with the deflections of the central portions of the loaded 
panels·9 (5) 0 However, if the girders are not as rigid as thi s condition 
would require, the main effect would be an increase in the stresses at the 
side strips and the coefficients given for the middle strips would probably 
not need to be' changedo 
Westergaard considered next the case of rectangular panels. For 
slabs acting in one direction only, he took the coefficients used at that 
time for continuous beams. Then, since the moment coefficients for the two 
extreme cases of rectangularity, a square panel and a one-way slab, were 
already determined, the problem was reduced to establishing a transition 
between these two conditionso Westergaard solved it by expressing the 
critical moments as a function of the ratio of spans, ~J in such a way that 
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the curves of maximum moment versus m would approximate the shape of the 
corresponding curves determined from elastic studies, such as those presented 
in Reference 90 
Thus, for moments in the short span di~ection he developed formulas 
of the type: 
and for those in the long span direction: 
l+m M=+---
c3 
where the p~ameters cl ' c2 and c 3 depend on the particular co'nditions of 
restraint or continuity of the'panel in question, and~ represents the width 
of the strip considered. 
These formulas yield the values developed by Westergaard for a 
square panel when m = 1, ~d give the coefficients used at that time for 
one-way construction when m = O. 
80305 Westergaard's coefficients :for moments in supporting beams 
Westergaard determined the moments for the supporting bea~s based 
on the assumption that whatever portion of the total static moment not 
accounted for in the slab should be taken by the supporting beams. He con-
sidered first the six types of slabs consisting of square panels mentioned 
previously and assumed them to be uniformly loaded throughout. Thus, the 
static moment corresponding to an isolated section obtained by cutting a 
slab along the middle line and an edge line in a row of panels could easily 
be determined. If the total load on each panel is designated by W; the static 
moment would then be simply 00125 WS times the number of panels, N, included 
in the section 0 
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As mentioned in Section 80303, in computing the moments taken by 
the slab, the "true moments" carried must be considered, and not the "nominal 
design momentsfl used :for proportioning the steelo It is thus necessary to 
derive first the Utrue·moments tf acting on a panel section when the load is 
uniformly distributed throughout the structure, from the corresponding 
Ifnominal design moments U obtained from particular loading conditions producing 
maximum moments at the sections consideredo This was done in the following 
manner. As explained in the previous section, the design moment in each case 
represents the average of the corresponding moments for these two conditions: 
uniform load on all panels of the structure considered, and a single panel, 
uniformly loaded, in the case of positive moment sections, or a double panel, 
uniformly loaded also, in the case of negative moment sections. Therefore, 
the corresponding moment coefficients for the case of uniform load throughout 
were found from the proposed design moments by means of the follOwing general 
expressions~ 
and 
where 
= 2Md - M sp = 2Md - 1/30 
M~" = 2M - M = 2Md - 1/20 
u..J.. d dp 
for positive moment sections 
for negative moment sections 
M
ul, Md, Msp and Mdp are defined in Section 803.20 
But the moments obtained in this, fashion are still "nominal If values 
and not the Ttreal ll moments in the slab. To obtain these, the "nominalH 
values were divided by 0072 to restore them to their original Ittruet! value. 
The resulting values represent the maximum true moments at the critical 
sections 0 
The total moments across the critical sections were then obtained 
by multiplying the maximum moment coefficients by the length of the panel 
and by an averaging factor, v 0 viestergaard considered three different 
values for the ratio of the average bending moment across a section in the 
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slab to the maximum bending in the same .section as corresponding to three 
types of continuity. For sections only one panel ~ide the averaging factor 
was taken as 0070; for those extending through two panels only.:i,t was·' taken 
as 0065 and, finally it was chosen as 0.60 for those sections crossing three 
or more panelso Summarizing} the total "true moments" in the slab at any 
critical section were found from the follOwing expression: 
M =M. v .N 
slab ul 0.72 
The .total ~oments in the slab at the t~o edges of a panel and at 
midspan were determined in this way 0 And the total moment carried by the 
slab, which is equal to the sum of the total positive moment at midspan plus 
the average of the total negative moments'at the edges of the panel was deter-
mined nexto 
The total moment carried by the beams must then be equal to the 
static moment minus the moment taken by the slab. This total beam moment was 
distributed between the positive and negative moment sections according to 
the conditions of continuity of the beam in question. Therefore, three values 
were. taken for the ratio of the positive moment to the total beam moment: 
1, 0054 and 0.38, corresponding, respectively, to beams that are one-panel, 
two panels, and three or more panels long 0 
Then,the distributed~ositive and negative moments were apportioned 
to each of the beams cut by the section taking into account their relative 
position in the structure. This distribution was made according to the 
following three rules: (a) for sections one panel wide, that is, sections " 
cutting only two beams, the moments were obviously divided equally bet~een 
them; (b) for sections extending through two panels, each of the t~o 
exterior beams ~ere assumed to carry one-fifth of the corresponding moment, 
-112-
while the interior beam took three-fifths; (c) for sections continuous at 
both sides of the panel in question, the moments were divided equally between 
the interior beams. 
With the beam moments determined for the case of uniform load 
on all panels, the slabs were then loaded in such a way as to produce maximum 
beam moments at the critical sections. The moments corresponding to these 
loadings were determined by a procedure similar to that discussed before in 
connection with the evaluation of moments in the slabs. Westergaard observed 
that although this procedure was not as satisfactory in some cases as it was 
for the determination of slab moments, it was, however, adequate for practical 
purposes 0 
Westergaard studied next the. case of girders supporting panels that 
due to their extreme rectangularity were assumed to act in one direction only~ 
The girders at the long edges of these panels thus carry the entire Panel load 0 
Following a procedure similar to that described above, Westergaard determined 
first the moments for uniform load on all panels, and then, by averaging 
the appropriate coefficients, he obtained the maximum values at the critical 
sections 0 He compared these values with those in use at that time for the 
design of continuous beams, and found in some cases the latter to be con-
siderably smaller than those he had determinedo These reductions were 
explained by the low probability of occurrence of some of the cases of 
loading he had considered. Westergaard concluded that the same type.of re-
duction could be made in beams supporting square panels, and accordingly, he 
carried the correction back to this caseo 
Then, on the basis of the moments computed for the two extreme 
cases, square panels and one-way slabs, he proposed moment equations to 
express the values corresponding to the beams in rectangular panels as a 
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function of the parameter m.. These formulas yield the coefficients obtained 
for the two limiting cases mentioned above for values of m equal to 1 and 
0, re~pectivelyo 
Thus, for beams spanning in the long direction of the panel, the 
moment formulas derived were of the type 
~eam 
where the parameters .c4 and c5 depend on the conditions of continuity of the 
beam and on i ts relative position in the structure .. 
However, for the beams in the short direction of the panel, he 
proposed constant moment coefficients equal to the values corresponding to 
beams supporting square panels of side equal to S. This proposal was based 
on results of tests sho~ng that only the load acting on the area immediately 
adjacent to the 'short beam affects its behavior and therefore these be~ 
moments are independent of the length of the panel in the perpendicular 
direction and consequently independent of m. 
80306 Recommendations of the Joint Committee of 1940 
The recommendations of the Joint Committee of 1940 for the design 
of two-way slabs were based partly on analysis and partly on test data. "In 
general, the coefficients and methods given in these recommendations are based 
upon the coefficients proposed by Dr. H. Mo Westergaard (Formulas for the 
design of rectangular floor slabs and supporting girders, po 26, Proceedings 
of the American Concrete Institute for 1926). Some modifications of these 
coefficients have been made and the series extended to include cases not 
covered by Dr 0 Westergaard. In making these modifications and extensions 
full consideration has been given to the results of available test data" (25)0 
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As mentioned in the previous sections, Westergaard ~onsidered only 
six different types of slabs, all composed of equal rectangular panels loaded 
with the same uniform load w, although not necessarily all panels loaded 
simultaneously 0 But the case of slabs with equal panels throughout is not 
very common in actual building construction, and also there is often variation 
in the intensity of the loads to which consecutive panels are subjectedo The 
Committee therefore decided to extend the method to cover all possible 
combinations of panels in a slab structure 0 This made it necessary to change 
the form of presentation of the proposed coefficientso Westergaard presented 
his coefficients directly for each of the six types of slabs analyzed 0 Thus, 
the conditions of continuity of the panels were automatically considered when 
choosing the corresponding moment coefficientso But since in the general case 
the shape and the conditions of restraint of the panels adjacent to the one 
in question may vary in a great number of different ways, a presentation 
similar to that used by Westergaard becomes impossible 0 
The Joint Committee chose to treat each panel first individually, 
taking into consideration only its conditions of continuity at the edges, 
without any regard for the geometry and restraint conditions of the adjacent 
panels 0 Subsequently, the moments obtained in this first stage, particularly 
the negative moments at continuous edges, were to be adjusted to take into 
account the equilibrium that must exist between adjacent panelso These ad-
justments will be discussed in detail latero 
To place the analysis made by Westergaard more closely in line with 
the actual conditions existing in reinforced concrete slabs of this type, the 
Committee thought it necessary to make two main modifications in the conditions 
of his analysis 0 The first, and most important one, was to consider the slabs 
monolithic with the supporting beams or walls, while Westergaard had assumed 
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them to be continuous over the interior supports but supported on knife edges 
at all the girders 0 Thus, the 'Joint Committee took into account a certain 
torsional stiffness for these supports and, accordingly, considered the 
resulting negative moments at discontinuous edges, which Westergaard had 
assumed to be zero. 
The second modification' is in reality just a practical limitation 
on the ratio of sides of a panel to be considered as carrying the load in two 
directions 0 While Westergaard's formulas give different coefficients for the 
entire range of values of m, the Joint Committee considered, based on both 
tests results and numerical values obtained analytically, that for slabs where 
m was equal to or less than 005, the entire load on the panel, with the 
exception of that acting on the short column strips, should be considered as 
carried in the short direction 0 
Taking into account these two modifications, the Joint Committee 
proposed a table of coefficients for the positive moment at midspan and the 
negative moments at continuous or discontinuous edges for five different cases 
of continuity of a panelo In preparing this table, the Joint Committee re-
duced the coefficient for positive moment in an interior span of a one-way 
slab from 1/12 to 1/16, which was the value recommended then for the corres-
ponding moment in a continuous beam. Since the values for rectangular panels 
were interpolated between ,those for square panels and for one-way slabs, 
the reduction mentioned above affected all the positive moment coefficients 
given in the table. 
The basis for the coefficients proposed by the Joint Committee is 
the value of 1/30 reCOmmended by Westergaard for the negative moment at the 
middle strip of a square interior panelo TIThe coefficients for other than 
square panels and for panels with one or more edges discontinuous [were] based 
on the following modificat~ons of this moment for the square interior panel~ 
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1110 Bending moments in the short span -increase as the ratio m 
decreases 0 
1120 Bending moments in the short span increase successively with 
the introduction of one or more discontinuous edges, the increase being in-
dependent of the position of the discontinuous edges 0 
"30 Bending moments for the long span for all values of m are equal 
to the bending moments in a square panel having sides equal to the short span 0 
II 40 Negative moments at discontinuous edges are taken as equal to 
one-half of the corresponding moment at the continuous edge 0 
1t5o Positive moments at the center are taken as three-fourths of 
the negative moment at the continuous edgeo U 
The aggrement between these five rules and the trends in the co-
efficients proposed by Westergaard will now be examined.o. - The first rule is 
in complete agreement with the results derived from the formulas proposed by 
Westergaardo The .second one agrees in its first part, but it does not in the 
last, since in Westergaard~s formulas the increase in moment does depend on 
the position of the discontinuous edges. The third rule yields values that 
are very conservative in comparison with those proposed by Westergaardo In 
his formulas, the moments in the long direction depended to a certain extent 
on the value of m, and actually decreased by 50 percent going from the case 
of square panels to a one-way slab. The fourth rule has no precedent in 
Westergaard's analysis, since he did not consider any restraint, and con-
sequently, any moment, at discontinuous edges 0 And finally, the fifth rule 
is just a simplification, on the conservative side, of the values recommended 
by Westergaard. For each type of panel, the ratio of positive to negative 
moment values derived from his formulas varies from a minimum value for the 
case of square panels to a maximum value for one=way slabso In this last 
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case, it reaches the value of one for spans continuous at both endso Since 
the positive moment ceefficient fer this case was reduced by the Joint 
Committee frem 1/12 to. 1/16, this maximum ratio. was censequently reduced 
frem 1000 to. 0075, which is the value recemmended in the Jeint Cemmittee 
Reper,to 
The coefficients fer negative moments at centinueus edges recemmended 
by the Jeint Cemmittee are in all cases larger than the cerrespending values 
propesed by Westergaard, except fer interior panels, in which case they are 
equal 0 No. specific reasens are given in the Jeint Committee Repert for the 
increase in the values ef the ceefficientso 
Fer the lateral distribution o.f mements the Jeint C9mmittee divided 
the slab into middle and celumn strips in beth directiens of the panel, in 
the manner indicated in Sectien 2030 The ceefficients given in the table apply 
to the middle strip mements; for the celumn strips, coefficients equal to. twe-
thirds the correspending values at the middle strip were recommended. This re-
presents a slight reductien frem the values ebtained for this r"atio from 
Westergaard!s ceefficientso If the special case ef a single panel s~ply 
supperted en all edges is disregarded, the range ef this ratio, accerding to. 
Westergaard's values, extends frem 0065 to. 00875; thus, the value of 2/3 re-
cemmended by the Jeint Cemmittee represents almest the lower limit fer this 
ratio. accerding to. Westergaardo 
The Joint Cemmittee considered alSo. the need for special reinforcement 
at the exterier cerners ef a slab to prevent the fermatien ef cracks in the 
diagenal direction 0 They recommended the use ef an effective ameunt of rein-
forcement per unit width, at beth tep and bettem faces ef the slab, equal to. 
that required fer positive moments in the middle stripo (The effectiveness 
ef a reinfercing bar was measured by the sine ef the angle that the bar made 
with the critical sectieno) 
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The Joint Committee considered next the problem of adjustment to 
the moments obtained for the individual p~els when these were considered 
again as part of a continuous slab 0 Due to possible variations in the 
dimensions or loading of adjacent panels, the negative moments obtained at 
either side of a support may differ considerablyo Therefore, they must be 
balanced taking into account the . relative stiffness of the two panels and the 
resistance offered by the supporting beamo The Committee judged it reasonable 
to assume that the torsional stiffness of the supporting beams could be con-
sidered to "offer a restraint equivalent to the average of the stiffness 
factors of the adjacent slabs [and therefore] two-thirds of the unbalanced 
negative moment should be distributed to the two spans in proportion to their 
relative stiffness factorsott (25)0 
Simultaneous with this adjustment in the negative moments, the Joint 
Committee considered a corresponding correction to the maximum positive moments 
at midspano This correction was to be made assuming the unbalanced negative 
moments to represent the fixed-end moments in a spano These values, multiplied 
by 105 yield the simple span moments, from which the corrected positive moments 
are obtained by deducting from the simple span moments the average values of 
the adjusted negative end moments 0 However, for most cases, the coefficients 
given in the table were considered to be conservative enough to cover ~~thout 
further modification the cases of small adjustments in the end moments 0 How-
ever, it was recommended that itwhere large adjustment of the support moments 
is required, the midspan moments should be investigatedo tl (25) 
For the determination of bending moments in the supporting-beams 
the Joint Committee chose a procedure different from that suggested by 
Westergaardo The reason for this change was probably the difficulty of 
applying the Westergaard procedure to the general case of slabs .consisting of 
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panels with different dimensionso Since the load acting on each beam depends 
on the geometry and the conditions of continuity of the two adjacent panels, 
a great number of different combinations can result in the general caseo 
Although a procedure similar to that used by Westergaard could be followed for 
any type of slab, it would be rather long and involved, and would require the 
use of too many assumptions to be suitable for design practice. 
From results of tests on slabs of this kind, the Joint Committee ob-
served that the beams spanning in the short direction were affected only by 
the load in that portion of the panels limited approximately by the 45-degree 
diagonals running from the corners 0 Consequently, the beams along the long 
sides of'the panel had to carry the load on the rest of the panel., This ob-
servation led to the distribution of panel load to the supporting beams 
mentioned previously in Section 2030 The shears on the slab and those on 
the supporting beams could then be computed for this distribution of loado 
The bending moments in the supporting beams could be determined next 
by means of elastic analyses of the beams subjected to the ,triangular or 
trapezoidal loading resulting from the load distribution mentioned above, 
taking always into account the conditions of continuity at the ends. However, 
to simplify the computations, the Joint Committee recommended, for the deter-
mination of the bending moments in the beams only, the use of the following 
equivalent uniform loads: 
For the short span: 
For the long span: 
'WS 
3 
2 
v18 (3-m ) 
3 2 
These equivalent uniform. loads yield, in a simply supported beam, the same 
maximum positive moments as the corresponding triangular or trapezoidal distri-
butions .. 
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Finally, the Joint Committee included in their recommendations the 
requirement for minimum slab thickness specified in the ACI Building Code of 
1936 (20), with only one minor modificationo The basic concrete cylinder 
strength ~as raised from 2000 psi to 2500 psio (See Section 802.12) 
80307 Modifications in ACI Method'2 to the Recommendations of the Joint 
Committee 
The provisions in Method 2 of the ACI Code agree almost entirely 
with the Recommendations of the Joint Committeeo However) there are two 
signiffcant modifications in the provisions dealing with the conditions of 
restraint at discontinuous panel edges and with the special reinforcement at 
exterior corners 0 
While the Joint Committee specified that their recommendations were 
intended only for slabs built monolithically with the supporting beams or 
walls, the ACI extended the method to include slabs not securely attached to 
their supports. Although the coefficients given by the Joint Committee are 
based on the results obtained by Westergaard for slabs simply supported at 
the supporting girders, in modifying Westergaard's coefficients for positive 
moments the Joint Committee considered a certain amount of restraint at all 
discontinuous edges, and consequently reduced their values somewhat 0 In 
extending the applicability of the method to include slabs simply supported 
on the girders, the ACI failed to make an adjustment to the coefficients re-
commended by the Joint Committee to take into account the lack of restraint 
at a truly simply supported edge. Thus, the coefficients adopted by the 
ACI for th~ positive moments in the short direction of panels with two, three 
or four edges discontinuous with ratio of spans less than about 007, are in-
adequate in most cases if the discontinuous edges are not securely attached 
to their supports. This will be discussed in greater detail in Section 9.6060 
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The second modification concerns the requirement of special rein-
forcement at the exterior corners of a slab. While the Joint Committee re-
quired this special reinforcement at all exterior corners, the ACI requires 
it only for slabs not secUrely attached to their supports. 
With respect to the distribution of unequal negative moments, the 
ACI f9llowed essentially the procedure suggested by the Joint COmmittee, but 
limited its application to cases where the moment at one side of a panel edge 
is less than 80 percent that at the other side. This is s~ply a practical 
limit~tion, since for smaller differences in moments the effect of the 
distribution of moments on the original values could be considered practically 
negligibl~, • 
The ACI .dropped the requireme~t for the adjustm~nt of positive 
1 
moments due to balancing of the negative end moments. This decision is 
justified on the basis that the coefficients. given in the table are conservative 
enough to cover the corrections in positive moment due to small adjustments 
in the end momentso Furthermore, since different loading conditions produce 
the maximum moments at the critical positive and negative secti.ons, a change 
in the maximum negative moment~ at the ends of a panel, although affecting. 
the value of the corresponding positive moment, does not affect the value of 
the maXimum positive moment at midspan} which is produced by a different 
loading condition. 
Fi~ally) the minimum thickness requirement given by the Joint 
Committee was simplified in Method 2 in a manner similar to that explained in 
Section 8.2012 in connection with Method 1. 
Ail other provisions of ACI Method 2, including the table of moment 
coefficients for different panel conditions, were taken directly from the 
Recommendations of the Joint Committee without any further modification. 
804 Modified Elastic Theory Method 
80401 Origin and development 
-122-
The Modified Elastic Theory Method, which has been proposed recently 
to the ACI Building Code Committee as an alternate method of design for slabs 
supported on four sides; is based essentially on the procedure suggested by 
Dro Ho Marcus in Reference 60 This procedure has been used in Germany for 
many years as the basis for the practical design of two-way slabso 
Before the publication of Marcus' work; two-way slabs were commonly 
designed by substituting a system of slab strips parallel to the two edges of 
the panel for the slab in question, and providing the reinforcement in the 
slab according to the moments derived for these strips, when loaded with their 
corresponding portion of the total loado The distribution of load was based 
on the condition of equal deflections for the two strips intersecting at 
the middle of the panelo This procedure yielded results that were in most 
cases far from those obtained by direct application of the theory of elastic 
plates, but the latter was much too complex to be used as a design procedureo 
Marcus therefore decided to develop an approximate procedure by 
which the maximum elastic moments in a plate supported on rigid beams could 
be determined in a relatively simple mannero Taking as a basis the slab strip 
analysis mentioned above, he developed a procedure to correct the moments 
obtained by that method; and arrived at a correction formula which yields 
moments that are very close to the exact valueso 
In 1945, Paul Rogers introduced Marcus' approximate procedure into 
the American technical literatUre in a paper (26) describing the method, 
illustrating its application for single panel slabs under all possible com-
binations of fixed and simply supported edges, and including a set of tables 
for the computation of the maximum positive moments and the distribution of 
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the total load in the two panel directionso He showed also in this paper how 
the values derived for single panels could be used to design continuous 
slabs 0 
This procedure, with some additional provisions and a few minor 
changes, has been presented to ACI Committee 318 for consideration as an 
alternate method of design for slabs supported on four sides. But no change 
has been made in the basic hypotheses, so the proposed method can still be 
considered to follow essentially Marcus' ideas 0 For this reason, the original 
Marcus' procedure will be discussed in detail in the first part of this 
section. 
80402 General description 
Marcus I original procedure can be summarized as follows: As a 
first approximation, a two-way slab can be substituted by two systems of slab 
strips spanning in the two directions of the panel, with each strip carrying 
a certain portion of the uniform load acting on the slab 0 At any panel point, 
which would represent the intersection of two slab strips parallel to the 
sides of the panel, the following two conditions must be satisfied: 
(1) The summation of the partial unit loads carried by the two 
slab strips equals the total unit load acting at that pointo 
(2) The deflections of the two slab strips due to their corres-
ponding partial loads are equal 0 
By applying these two conditions at the middle point of the panel 
the partial loads carried in each direction can be derived. And assuming 
these loads to be uniformly distributed throughout each span, the maximum 
moments for each slab strip can be computed. But since the torsional stiff-
ness of the slab has not been yet taken into consideration, nor the 
variable distribution of load along each span due to the increasing relative 
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stiffness of each strip as its supports are approached, the moments obtained 
before must be corrected to obtain values· that will approximate more closely 
the true moments occurring in an elastic plate 0 
By comparing the panel strip moments with the exact plate moments 
obtained for several cases by direct application of the theory of elastic 
plates, Marcus found an expression for a variable corrective factor, v, that 
yields values for the maximum positive moment in a plate, with any condition 
of rectangularity and restraint, that will approximate very closely the theo-
retical values obtained in a more preCise mannero 
The derivation of this factor v, by which the maximum elastic 
moments in a plate supported on rigid beams can be determined in an approximate 
but relatively simple way, constitutes the basic contribution of Marcus to 
the practical design of two-way slabso 
80403 Notation 
The notation used in this section is based essentially on that 
used in the paper by Rogers, although some modifications have been made, 
especially in connection with the designation of the different panel cases, 
to bring it more closely into line with the notation given in the proposal 
presented in the Appendix 0 
A = length of clear span in short direction 
B = length of clear span in long direction 
m ratio of short span to long span 
w = uniform load per unit area 
wA = percentage of load w carried in direction A 
wD = dead load per. unit area 
wL = live load per unit area 
MA = maximum positive slab moment in direction A 
M Aneg 
mt 
A 
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maximum negative moment in slab or strip in direction A 
= maximum positive moment in strip A when loaded with wAw 
additional bending moment in strip A representing the 
effect of the torsional moments 
g wA2 = static moment in strip A when loaded with w 
= moment correction factor, as defined by the equation 
_ 2. A2 ~ 
= parameter defined by the expression ~ - 6 
A B2 MOA 
= midspan deflection in strip A when loaded with wAw 
= negative bending moment coefficient for continuous beams, 
as given in Seco 701 of ACI Building Code 
kA positive moment coefficient in single span beam 
C = negative bending moment coefficient in direction A, as Aneg 
given by the MET method 
CAD = positive dead load moment in direction A, as given by the 
MET method 
CAL = positive live load moment in direction A, as given by the 
MET method 
corresponding values in direction B. 
8.404 Marcus' basic procedure for isolated panels 
Marcus' original procedure is based on the assumption that a two-
way slab can be designed safely and economically on the basis of the elastic 
moments developed in a similar plate, supported on rigid beams. But, since 
the elastic analysis of a plate is too complex to be used as a practical 
method of design, Marcus proposed the following approximate procedure which 
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yields results that are very close to the exact values derived from more 
accurate procedures. 
As a first step, Marcus considered only single panel rectangular 
plates, uniformly loaded, with any combination o'f fixed and simply supported 
edges, and with any ratio of sides. He observed that the grid structure 
composed of longitudinal and transverse strips, which was commonly analyzed 
in place of the slab in question, was not an adequate substitute) because no 
prOVision was made in it to represent the torsional moments that exist in a 
plate. These torsional moments tend to bend the plate in the direction opposite 
to the bending produ~ed by the uniform load w, and thus reduce by a considerable 
amount the deflections and stresseso This effect of the torsional moments 
constitutes the essential difference in the structural action of a plate and 
a grid of beams. 
From a study of the effect of torsional moments acting alone on the 
sides of plate strips parallel to the edges of the panel, Marcus concluded 
that they could be taken into consideration by means of additional bending 
moments, mA and ~J which are approximately proportional to the bending moments 
mA and ~ derived for each strip when loaded with its corresponding partial 
load wA or wB' but without considering torsional momentso 
Thus the real plate moments MA and ~ would be equal to: 
To determine the approximate values of CPA and ~, Marcus compared 
the maximum moments, mA and~, derived from the strip analysis, with the 
exact values, MA and ME' obtained for several particular cases by direct 
application of the theory of elastic plates, and found the following 
relationship which proved to yield satisfactory results in most cases: 
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thus 
It must be pointed out that the expressions given above apply only 
to the maximum posi ti ve moments at the middle point of the panel 0 From studies 
of plates made using his Membrane Theory, Marcus concluded that the effect of 
the torsional moments on the magnitude of the negative bending moments at 
the fixed edges of a panel was not very importanto Therefore, the negative 
moments determined for the strips intersecting at the mi.ddle point of the 
panei could be taken directly as the maximum. negative moments in the plate. 
Then, for strips in the direction A, fixed at both ends: 
and for those fixed at one edge and simply supported at the other: 
8~4~5 Application of Marcus' formula to isolated panels 
To illustrate the application of Marcustprocedure to the deter-
mination of the maximum positive moments in an isolated panel, the cas,e of a 
rectangular plate, simply supported at the four edges will be considered nexto 
At the middle point of the panel, the total uniform load can be 
divided between the two strips of unit width intersecting at that point 
according to the percentages wA and WE' which will be determined later. 
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Thus, the maximum bending moments and the deflections at midspan for the two 
~trips, due to th~se loadings alone, will be~ 
In direction A~ In direction B~ 
. Now, since at midspan, 0A = ~, w A + wB = 1 
and 
WB = A4 + B4 
Then 
Furthermore and 
Thus, the parameters CPA and CPB become 
cp _ 2. A2 ~ _.2 A2 B4 _.2 A2 B2 _ 
A - 6 B2 MOA - b B2 A 4 + B4 - 6 A 4 + B4 - Cfl.B 
and v = A 
1 - <p ;: A 
Therefore 
In this case, owing to the similarity of restraint conditions in 
the two span directions, the 'Parameters CPA and CPB are equal, but in the 
general case they will. be different 0 
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The factors ~ and v for plates with other restraint conditions can 
be determined in a similar manner. Since detailed derivations of the moment 
expressions for each of the different panel cases have been given by both 
Marcus (6) and Rogers (26), only the expressions for the key values necessary 
to the application of the method are presented in Table 37, for the nine 
c~ses considered in the Modified Elastic Theory method. These nine cases 
corresponQin reality to only six different types of panel; however, where 
the spans in the two directions are not similarly restrained at the edges, it 
becomes necessary to make a distinction between the two panel directions. 
The expressions presented in Table 37 include the percentage of 
load, the maximum positive strip moment, and the parameter ~, for the short 
span direction A in each of the nine caseso From these values, the final 
moments MA may be determined by means of the equation 
The expressions recommended by Marcus for the evaluation of 
the negative moments at the fixed edges are also included in the table. 
Since no difference exists in the procedures used to compute the 
moments in the short and the long direction of the panel, the, expressions 
given in Table 37 for span A 'suffice for the evaluation of all the critical 
moments for all panel conditions, if A represents the span considered, ir-
respective of its relative length, and B, the span in the perpendicular 
direction 0 In other words, the expressions for the long span direction B 
can be derived directly from those given for span A simply by substituting B 
for A, but taking into account that both spans involved in this substitution 
must have the same edge conditions 0 
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80406 Lateral distribution of moments 
.Marcus pointed out that in the derivation of his approximate 
formulas, although wA and wB had been taken as the same for all strips spanning 
in the same direction, only the strips that intersected at the middle point 
of the panel had been considered. In reality, the relative stiffnesses of 
the strips, and therefore, the distributions of load,varied for all other 
points of intersectiono Since for each strip the deflections decrease towards 
the supports, the corresponding proportion of the load must increase con-
versely, and will attain its full value at the supports. However, since for 
design purposes it is convenient to have moment expressions as simple as 
possible, Marcus concluded that an exact distribution of the moments across 
a section was not needed, and that the values derived from his approximate 
formulas could be taken as an average for the middle strips of the panel, 
while for the column strips" moments equal to one-half those given by the 
formulas would be adequate. According to Marcus' proposal, the middle strips 
would have a width equal to A/2 in the long span direction and equal to 
B - ~ in the short span direction. 
8. 40 7 Moments in the longitudinal direction 
If the span in the longitudinal direction B is considerably longer 
than that in the transverse direction A, the longitudinal strips, due to 
their low relative stiffness in ~he region near the middle of the plate, carry 
almost no load in this region. Conversely, in the areas near the supports, 
they carry a considerable part of ~he load" consistent with their increasing 
relative stiffness. 
This variation of relative stiffness, and of the corresponding 
loading, is apparent in the distribution of bending moments. Studies made 
using the exact theory of plates have shown that for long plates, the 
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bending moment in the direction of the long span does not reach its maximum 
value at the middle point of the plate, but rather at a point near the 
intersection of the two diagonals bisecting the corners, and that this maximum 
value remains unchanged with increasing length of the plate. 
Based on these observations, Marcus recommended the use of the 
values corresponding to a side ratio BjA = 2, for the determination of the 
maximum moments in the longitudinal direction of plates where B/A> 2. In 
the proposed MET method, the-value B/A = 2 constitutes the limit on the ratio 
of sides of panels that can be designed as carrying the load in two directions 0 
804.8 Moments in continuous plates 
In the analysis of continuous plates it is necessary to differentiate 
between dead and live loads" In the general case, the dead load can be assumed 
uniformly distributed throughout the structure" But the live load must be 
placed in such "a pattern as to produce maximum moments at the critical sections. 
To take into account this diff'erence in loading conditions, Marcus 
considered two basic loading patterns, uniform load on all panels and 
checkerboard loading, and from them derived expressions representing the 
corresponding maximum momentso 
(a) Unif'orm load on all panels 
From studies made using his Membrane Theory for plates uniformly 
loaded at all panels, Marcus concluded that the effect of continuity in a 
plate is not as great as in a continuous beam, and that the support moments 
along a continuous edge differ only slightly from the fixed-end moments at 
a completely fixed edgeo Thus, he decided that each panel could be treated 
by itself', as if it were in fact completely fixed at the edges common ~th 
adjacent panels. This assumption yields values for the positive moments 
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that agree quite well with those determined by more accurate procedures. For 
the negative moment at a con~inuous support, Marcus considered that the 
average of the negative values obtained on either side of the support in 
question was sufficiently exact. 
For the negative moments at continuous edges, Marcus used ,the 
basic coefficients 1/10 and 1/12, for the first interior support and for a 
typical interior support, respectively~ But the proposed MET method gives 
coefficients based on the values 1/10 and 1/11 recommended in Section 701 of 
the 1956 ACI Codeo 
(b) Checkerboard loading 
To develop the maximum positive moment at the center of a panel, a 
plate must be loaded in a checkerboard fashiono Marcus analyzed this loading 
condition in the same manner as that used by Westergaard in Reference 5, which 
has been discussed before in Section 8.3.40 Thus, he treated the problem in 
two stages: first, a uniform load equal to one~half the live load was applied 
on all panels simultaneously; and second, the plate was loaded with a uniform 
load of the same intensity, that is 1/2 wL' acting alternatively up and down 
on consecutive panels in the two directions of the structure. 
Under the first stage of loading, the conditions of the plate are 
the same as those described before for the case of uniform load on all panels. 
Under the second loading, each continuous edge becomes an axis of anti symmetry 
of the structure, and thus can be considered as simply supported. Each panel 
then behaves as an isolated panel, simply supported at the four edges and 
uniformly loaded with ~ 1/2 wL' for which the moments can be determined as 
shown in Art. 8.4.5. 
The· sUmmation at each section of the moments produced by the.se 
two loadings represents the moment developed at that section due to 
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checkerboard loading. The maximum positive moment at the center of a panel 
in a continuous plate can therefore be determined by averaging the corres-
ponding moments obtained for a similar single panel loaded uniformly with wL' 
under the following two restraint conditions~ (1) fixed at all continuous 
edges and simply supported at the others, and (2) simply supported on all 
edges. 
(.c) Negati ve moments at continuous edges 
To determine the maximum negative moments at- the supports of a 
panel, Marcus decided that since the effect of continuity is not too great in 
continuous plates, it is adequate to consider a uniform and simultaneous loading 
of all panels, dis~egarding the extremely n small effect of the loaded or 
unloaded single panels Tt in order to simplify the calculations. Thus the 
negative moments should be determined by the procedure described in (a) above. 
80409 Derivation of the coefficients included in the MET method 
It has been mentioned previously that the Modified Elastic Theory 
method is based on the procedure recommended by Marcus, with only slight 
modifications of the coefficients used to compute negative moments at continuous 
edges and of the provisions for lateral distribution of moments across a 
section. Therefore, the basic concepts, involving the distribution of the 
load in the two panel directions, the use of the parameter v to take into 
account the effect of the torsional moments, the procedure employed to 
evaluate the moments at continuous panels, and the critical loading patterns 
for positive and negative bending moments, are all in agreement with Marcus' 
suggestions. 
As described in Section 204, the main body of the proposed MET 
method is composed of four tables Which give coefficients for the distribution 
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of the panel load in the two directions} and for the evaluation of negative 
moments at continuous edges, and positive dead load and live load moments 
at midspano These coefficients are presented for each of the nine possible 
cases of continuity, and for side ratios ranging from 005 to 1000 
The values given in Table 1 of the proposed method for the per-
centages of panel load wA and wB were obtained directly from the condition 
of equal deflections at midspan for the two strips intersecting at that pointy 
and thus depend on the ratio of sides of the panel and on the conditions of 
restraint at the endso The equations for wA derived from this condition are 
presented in Table 37 for the nine caseso 
For the negative moments at continuous edges, no distinction was made 
between dead and live loads} following Marcus i ideas in this connection 0 Thus~ 
the coefficients reconnn.ended correspond to the c~ase of a uniform load over 
the entire structure, which was assumed to represent closely the critical 
condition 0 Since these negative panel moments are to be computed as the 
negative moments on a continuous beam loaded upiformly with the partial loading 
wA or wB} the coefficients appearing in Table 2 of the proposed method are 
simply equal to kWA or kwB, where k is the corresponding moment coefficient 
in a continuous beam, as recommended in Section 701 of the Codeo Thus} 
~ = 1/10 for the moment at the exterior face of the first interior support, 
and k = 1/11 at all other interior supportso Therefore 
WA C = 10 for cases 4J 6j 8 Aneg 
C Aneg 
WA 
= 11 for cases 2J 5.9 9 
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Similarly, C = 
meg for' cases 4, 7, 9 
and C = wB Bneg 11 for cases 2, 3, 8 
The coefficients for positive dead load moments given in Table 3 of 
the proposed MET method were derived by direct application of Marcus' basic 
formula in the following manner: 
but 
where kA is equal to 1/8 if the span is simply supported at both ends, 1/24 
if it is fixed at both ends, and 9/128 if it is fixed at one end and simply 
supported at the other 0 
Since 
Thus 
and 
and A B'=m 
The corresponding formula "for CBD may be found simply by substituting 
B for A in the expression for CAD 0 Thus: 
where values for k:s are equal to those given above of or kA' for similar 
support conditions 0 
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Finally, the coefficients given in Table 4 of the proposed method 
for the positive live load moments were obtained by averagingy for each case) 
the values given in Table 3 for the same panel case'and for case l~ This is 
in complete agreement with the procedure recommended by Marcus j since the 
first value represents the moments due to uniform loading tpxough-out the 
structure and the second corresponds to a, simply supported single panelo 
Thus CAL 
1 (CAD + CAD ) = 2 
n n 1 
GBL 
1 (CBD + CBD ) = -2 
n n 1 
and 
where the sub~cripts £ and 1 represent case n and. case 1 respectivelYJ and the 
E refers to any case o 
804010 Additional notes on the provisions' of the MET method. 
It has been shown above that the coefficients in the proposed 
Modified Elastic Thepry method were derived from studies on plates supported 
on rigid beams, with simple supports at the non-continuous sides of the panels, 
and without taking into account the flexibility or the torsional stiffness 
of the supporting beamso These factors have been considered however y in some 
of the provisions of the proposed methodo Thus} at a discontinuous edge the 
method requires provision for a moment equal to three-fourths of the positive 
moment at the middle point of the panel to take into account the restraints 
resulting from the torsional stiffness of the supporting edge beamo However, 
the torsional stiffness of interior beams is not considered when balancing 
the negative moments obtained on either side of a support; since the method 
requires distribution of the entire difference between the two adjacent 
-panels in proportion to their relative stiffnesseso 
-137-
Also, in considering ·the lateral distribution of moments across a 
section, the proposed method requires provision for an average moment in 
the column strips equal to two-thirds that in the middle strip, while Marcus 
recommended a value of one-half for this ratio 0 This increase over the value 
proposed by Marcus is intended, presumably, to take into account the flexi-
bility of the supporting beamso 
8.4.11 Loads on ·supporting beams 
Moments and shears for the supporting beams are computed in this 
method based on the same factors of load distribution used for the evaluation 
of the moments in the slab itself. The portion of the total load assumed to 
be carried in each panel direction is divided equally between the two 
opposite beams, and the corresponding loads are assumed to be uniformly 
distributed throughout the beam spano 
Taking into account the excessively low values of loading resulting 
from this procedure for the beams spanning in the short direction of the panel, 
a provision regarding a minimum load for these beams (equal to that acting 
inside an area bounded by the beam in question and 45-degree lines from the 
corners) was included in this methodo This provision results in some serious 
inconsistencies in the application of the method, as it is shown in Chapter 100 
Marcus recommended the use of the load distribution factors to 
determine the loads acting on the supporting beams only for those cases where 
the edges are not all equally restrained, indicating however that for the 
short span beams the factors corresponding to square panels should be used 
in all cases. But for panels that are similarly restrained at all edges, 
he indicated that the use of a load distribution procedure based on tri-
butary areas (equal to that used in ACI Method 2) yielded results that 
approximate more closely those obtained by more accurate methods. 
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Marcus indicated also that due to the torsional moments occurring 
at simply supported edges additional bending moments are developed in the 
corresponding supporting beams 0 Thus, due to this effect)' both shear and 
moment in the supporting beams increase significantlYJ and these increases 
must be taken into account in design 0 
It. is interesting to note that the same procedure of load distribution 
to the" supporting beams used in ACI Method 2 is recommended in the German 
Specifications for Slabs Reinforced in Two Directions (DIN 1045), which are 
based also on Marcus a approximate procedureo 
It appears then that the recommendations on this matter included in 
the MET method are based exclusively on the logical assumption that the same 
factors of load distribution used to eValuate the moments in the slab can be 
used to determine shears and moments in the supporting beamso However.~ this 
is not necessarily the case, particularly for the beams spanning in the short 
direction of the panelo This point is discussed in detail in Chapter 100 
805 Ne"WlJlark-Siess Design. Procedure 
80501 Origin and develOpment 
This procedure for design of two-way floor slabs was proposed by 
Ne-wm.ark and Siess in 1950;1 in a paper, (.4)3 presented at the 46th annual 
convention of the American Concrete Institute 0 The specifications included 
in that paper are-the result of extensive analytical studies carried out by 
the authors with the aid of a moment distribution procedure developed by 
them for the analysis of slabs continuous over several panels supported on 
rigid beamso This work has been reported in References 15 and 270 
Using the moment distribution procedure as a tool of analysis y 
many different continuous plates were analyzed to study the relative effect 
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of the different variables affecting the moments developed in slabs supported 
on r~gid beams. As a result of these studies, recommendations were given in 
Reference 15 regarding the critical loading patterns to be used for dead and 
live loads in a slab, and the relative values of beam torsional stiffness 
with respect to slab flexural stiffness that should be used in the development 
of a design procedure for two-way concrete slabs supported on beams providing 
torsional restrainto 
IuReference 27, the moments obtained by the distribution procedure 
were modified to take into account the effects of some additional factors, the 
most important being the deflections of the supporting beams and the redistri-
bution of stresses occurring at high loadso Additional studies were made of 
the range in slab moments for t)~ical ratios of live load to dead load, and 
of the effect of discontinuous edges on these momentso Finally, the distri-
bution of moments across the width of the panel was conSidered, and a procedure 
was established to determine the moments to be used in the design of the 
supporting beamso As a result of these studies, a set of design recommen-
dations, patterned after that presented in the 1940 Joint Committee Report 
(25) and including a table of suggested moment coefficients, was proposed 
for two-way slabs built monolithically with their supportso It should be 
pointed out that the studies made in this paper dealt exclusively with this 
type of slab. 
In Reference 4, containing the final presentation of the proposed 
specifications, the recommendations were extended to include also slabs which 
are not monolithic with their supports 0 .This extension in the applicability 
of the method was based, however, on the results obtained from the analyses 
made in Reference 15 for slabs supported on rigid beams which offered no 
torsional resistance. Another important modification was made also in 
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connection with the equivalent uniform lo~ds to be used for the design of 
the supporting beamso 
80 5 ~ 2 General description of the derivation of the method 
A detailed description of the design specifications proposed by 
Newmark and Siess in Reference 4 has been presented in Section 2050 A general 
description of the factors considered in the derivation of these specifications 
is presented nexto 
The studies made can be divided into three stageso The first con-
sisted of the development of a moment distribution procedure} analogous to 
the Cross method used in analysis of rigid frames J for the determination of 
moments in continuous plates supported on rigid beams.9 for panels under any 
conditions of restraint and rectangularityo 
In the second stage, 83 plate analyses were made using this moment 
distribution procedure to investigate the effect and relative importance of 
different variables on the moments developed in two-way slabso Specifically, 
the variables considered were~ the ratio of sides, the relative location 
of the panel considered with respect to the edges of theplateJ the torsional 
stiffness of "the supporting beams, the type of l.oadingjl and variations in 
size and shape of·adjacent panelso The analyses carried out in this stage 
were divided into two partso In the first part, plates formed by equal panels 
only were analyzed to determine the effects of the first f01lr variables 
mentioned above 0 In the second part, a plate formed by unequal pan"els was 
analyzed to determine the effect of the size and shape of adjacent panels 
on the moments in a particular panelo 
In the third stage, the relative importance of the variables 
considered was assessed based on the results obtained in the previous analyses 
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and on additional qualitative studies of the effects of beam deflections and 
redistribution of moments, taking into account also the normal range of 
values of these variables in actual building construction. A decision was' 
made then regarding which variables should be considered explicitly in the 
design and which others could be taken care of by the coefficients proposed 
in the method. 
As a result of the studies made in these three stages, two methods 
of design were proposed: (a) a general method, based on the moment distribu-
tion procedure developed in stage 1, and following the recommendations on 
loading patterns for dead and live loads and on relative values of torsional 
stiffnesses of the supporting beams given in stage 2, which can be applied for 
any type of two-way slab construction; (b) a simplified method, to be used 
for slabs falling within certain limitations imposed on the conditions of 
continuity with adjacent panels, and for which two sets of "moments were pro-
posed, according to the kind of restraint offered by the' supporting beams to 
the slab in question. 
8.5. 3 No"tation 
The notation presented here is based on that used by Siess and 
Newmark in Reference 15, which is summarized in Appendix D of that reference. 
However, only the symbols utilized in the following sections have been 
included here. 
a length of long span of slab panel 
b = length of short span of slab panel 
Ka' ~ = flexural stiffness of a panel of the slab at an edge 
having a length of a or b, respectively 
ka' ~ = dimensionless coefficients defined by the equations 
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K = k !£ 
a a b and 
Cbb' Cba' Caa} Cab = carryover factors for average moments acting 
on the edges of a panelo The first subscript refers to 
the edge on which the moment is applied.., while the second 
refers to the edge to which the moment is ucarried over fl 
FbbJ Fba, Faa' Fab = positive moment correction factors~ The first 
subscript refers again to the edge on which the moments is 
app~ied, but.the second refers to the side of the panel to 
which the section considered is parallel 
T = torsional stiffness of a supporting beam 
T/K = a measure of the torsional·sti.ffness of a beam relative 
to that of the slab along the edge adjacent to the beam 
N EI -----2- = stiffness of a unit st~ip of slab 
(l-~ ) 
E = modulus of elasticity of the material in the slab 
I moment of inertia per unit width of slab 
~ = Poissonws ratio of the material in the slab; taken equal 
to zero in this study 
load per unit area uniformly distributed over a panel 
80504 Moment distribution procedure 
The moment -distribution procedure !fis applicable to the calculation 
of moments in rectangular ela~tic plates supported on all four sides and con-
t"ip.uous in two directions. Only loads distributed uniformly over an entire 
panel are considered.., but all panels need not be loaded. The torsional rigidity 
of the supporting beams may be taken into account, but it is assumed in all 
cases that the beams do no deflectll (27)0 
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As mentioned previously, this procedure is analogous to the Cross 
method, except that, in the case of plates, the method is approximate at all 
stages, due to the approximate nature of the values derived for the stiffnesses 
and carry-over factors. 
A moment distribution procedure involves in general the determina-
tion of fixed-end moments at the c0ntinuous edges of the structure, the.distri-
bution of the unbalanced moments at each joint among the concurring ele~ents in 
proportion of their relative stiffnesses, and the determination, by means of 
carry-over factors, of the ~oments produced at the other edges of the member 
by the moments distributed at the joint. Since fixed-edge moments for isolated 
panels under different combinations of fixed and simply supported edges were 
available from exact elastic solutions of plates, Siess and Newmark proceeded 
to determine expressions for the stiffnesses and carry-over factors of plates 
to be used in the distribution procedure. 
In connection with the use of a moment distribution procedure for 
plates, three main differences with respect to the usual two-dimensional 
analysis should be pointed out: 
(a) While in a continuous beam, or a rigid frazp.e, "the moment at 
each end of each member. is a unique value, in a slab, due to the non-uniform 
distribution of moments across the edge considered, it becomes necessary to 
specify which type of moment - maximum, total, or average - is being refer~ed 
to. Siess and Newmark chose to deal with average moments, and thus the moments 
obtained by the use of their method represent always average values across 
the sections considered. 
(b) While in a symmetrical beam or column there is a single value 
of stiffness and a Single carry-over factor, in a symmetrical plate there are 
two stiffnesses, one for each slab direction, and four carry-over factors, 
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one each for moment at the opposite edge and for moment at the adjacent 
edge) for each of the two directions of the panelo· 
(c) While in a beam or a column the moments at any point In· the 
span can be determined from the static moment once the moments at the edges 
are known) in a plate, the positive moments in the interior of a panel can not 
be derived easily from the static momentso Thus, it becomes necessary to use 
positive moment correction factors by which the maximum moments obtained in'the 
panel simply supported at all edges are corrected for the effects of the 
negative moments acting at the panel edgeso 
The values of the stiffnesses and carry-over factors for a plate 
depend on the distribut~ons assumed for the moments and the rotations at the 
edges of a panelo Thus) Siess and Newmark computed the values of these elastic 
properties for three different assumptions regarding these distributionso In 
order to evaluate their relative accuracy, the three groups of elastic con-
stants derived were applied in the analyses of three continuous plates for 
which the moments were known by exact elastic analyses 0 It was observed that 
although relatively large discrepancies existed in the values of the elastic 
consta..l1ts for certain cases, the differences in the moments derived by moment 
distribution using each group of constants were relatively small 0 Therefore, 
it was considered that the average values of the elastic constants de·ri ved 
on the basis of those three different distribution assumptions would be 
adequate for use in the moment ,distribution procedure developed~ And since 
the study indicated that relatively large variations in the elastic constants 
·produced only small variations in the resulting average moments;, it was 
decided to simplify the derived averaging expressions as much as possibleo 
Thus, the final expressions given for the elastic constants were~ 
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Stiffnesses: K k N and ~ N ab ~b a 
where k 4 [l + (~)2J and b = ~ = 7+-a a 
Carry-over Factors: 
C = -0.60 (1 - b/a), but not less than -0.5 
aa 
C = -0.30 
ab 
Expressions for modified elastic constants, to be used in case of 
symmetry, or for plates with one or more edges simply supported, were derived 
also in Reference 15, and are presented in the appendix to Reference 27 0 
To compute the positive moment correction factors the following pro-
cedure was chosen: The panel in question was assumed first to be simply 
supported at all edges, and the corresponding maximum positive moments in the 
two directions of the panel were taken from available exact solutions for 
this case. Then, the edges of the panel were fixed successively, and the 
changes occurring in the maximum positive moments were observed. These changes 
in maximum positive moments, divided by the corresponding average edge moments 
that caused them, yielded values for the positive moment correction factors. 
It must be noted that since the location of the maximum positive moment section 
depends on the edge conditions of the panel, and, for the moments in the long 
span direction, depends also on the ratio of sides, the correction factors 
obtained are only approximate in any case, and generally yield maximum positive 
moments that are larger than the exact elastic moments. 
Expressions were given then for the positive moment correction factors 
needed to determine the changes in the maximum positive moments in the two 
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directions of a panel caused by moments applied at the short or the long side 
of the panel. Consequently, there resulted four expressions for these 
positive moment correction factors~ 
Fba = 0030 bfa, but not more than 0.15 
F ab = 0020 b/a - 0005} for b/a > 005 
or for bja < 005 
80505 Analyses of continuous plates 
In the second stage of the investigation carried out by Siess and 
Newmark, the effects of several variables on the plate moments were determined 
by making a number of analyses of continuous plates using the moment distri-
bution procedure just described. 
The analyses made in this stage can be divided into two groups: 
(a) analyses of plates with equal panels 
(b) analyses of a plate with unequal panels 
In the first group, three basic plates were analyzed, each composed 
of 25 equal panels arranged in five rows of five panels each, with three 
differen.t ratios of sides~ bja = 005, 008 and 1000 
Three relative values of the torsional stiffness of the supporting 
beams, T, with respect to the flexural stiffness of the slab, K, were con-
sidered in these analyses: T/K = 0, 1 and 20 A preliminary study of the 
usual values for this ratio in ordinary building construction showed that 
it ranged normally from 102 to 203jwith most valu~s around 1060 Since all 
the critical moments in a plate, except those at exterior edges, decrease 
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for increasing values of T/K, it was considered that a minimum probable value 
of this ratio should be used in the computation of these moments, and so the 
value of one was adopted. And, since the moments developed at the exterior 
edges increase for increasing T/K ratios, a maximum. probable value of two was 
selected for this case. The analyses with T/K = 0 represented the case'of 
slabs which were not attached to or restrained by the supporting beams or walls. 
Three types of loading were considered in these analyses: (a) uniform 
loading on all panels, which represents normally the case of dead load, and 
sometimes also the live load, as in storage buildings, (b) checkerboard loading, 
which has been described already in previous sections in connection with both 
Westergaard's analyses and the Marcus procedure, and which produces maximum 
moments at the critical sections, and (c) a so-called tt single panel loading", 
which was intended to be used for the computation of moments due to live load. 
For single panel loading, only the panel in question is loaded to determine 
/ the maximum positive moments or the negative moments at exterior edges of the 
slab" To determine the maximum negative moment at an interior edge, only the 
two panels adjacent to it are loadedo This single panel loading was used 
because it was considered to be more representative of actual live loads in 
building floors than the checkerboard loading. Although the moments derived 
using single panel loadings would be smaller than those obtained with checker-
board loading, it was considered that a single panel type of loading would 
occur often in ordinary structures, while an exact reproduction of a checker-
board loading was very unlikely to occur. 
8.506 Analyses of plates with equal p&'1.els 
(a) ,Effect of location of panel with respect to discontinuous edges 
liThe general trend was for all moments, except those at a discon-
tinuous edge, to increase as restraints against rotations of the edges were 
diminishedll (27). 
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Two main factors determine the range of variation in the moments at 
similar sections of panels in different positions with" respect to the edges 
of the plate: the type of loading, and the ratio of the torsional stiffness 
of the beam to the flexural stiffness of the plateo 
For any particular plate, the increase in moments going from an in-
terior panel to a corner panel was greater for uniform loading than for checker-
board loading, with single panel loading giving intermediate values 0 This was 
expected, since for checkerboard loading the restraint at interior edges due to 
continui ty is very small, while for uniform loading the panels can be con-
sidered as practically fixed over the interior supports. 
For plates with equal panel dimensions, but different values of T/K, 
the increase in moments going from an interior to a corner panel was a maximum 
for T/K = O. For T/K == 2, the moments in a corner panel due to partial loadings 
were almost equal to those developed in an interior panel. 
(b) Effect of type of loading 
All other conditions being the same, maximum moment values were 
obtained with checkerboard loading, and minimmn values with uniform loading. 
However, the differences between these moments decreased for increasing values 
of the torsional stiffness of the supporting beams. It was found that for a 
value of T/K == 2 the difference in moments produced by checkerboard and single 
panel loadings became practically negligible. However, for TjK == 1, the 
moments due to uniform loading varied from 67 to 96 percent of those obtained 
with single panel loading. 
(c) Effect'of torsional stiffness of the supporting beams 
!tAs the torsional stiffness of the beams was increased, all moments, 
except those at a discontinuous edge, were decreasedo The changes noted 
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were greater for partial loadings than for uniform loading, and greater for 
corner or edge panels than for interior panels ll (27). 
For plates under uniform load, the effect of T/K on the computed 
moments was not very important because the panels do not try to rotate much 
over the interior supports. Due to conti~uity, the panels are practically 
fixed at these edges. 
With single panel loading, moments at_interior supports decreased 
for increased values of T/K, with most of the change taking place when T/K 
varied from 0 to 1, and only a small additional change when T/K increased 
from 1 to 2. For the discontinuous edges of the plate, the opposite was 
true: moments increase~ as the ratio T/K increased, with most of the increment 
toward full fixity being attained at a value of T/K = 2. Therefore, it was 
concluded that, for slabs cast monolithically with their supporting beams, 
the assumption of T/K = I was adequately conservative for interior moments, 
while for e~ge moments a value of T/K = 2 would yield values very close to the 
maximum values developed in actual slab construction. 
(d) Conclusions 
The following conclusions were derived from the analyses of slabs 
wi th equal panels: 
(a) The ratio of sides, bfa, should be kept as a major variable 
in a design procedure. 
(b) The single panel type of loading could properly be used to 
represent live loading. This conclusion was Itbased both on the results of 
the analyses and on the probability of occurrence of the two types of partial 
loadings consideredlt (27)0 
(c) Uniform loading on all panels should be used to represent 
dead load. 
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Cd) For positive moments in all panels, and for negative moments 
over interior beams, a value of T/K = 1 should be assumedo 
(e) For neg~tive moments at exterior edges) T/K = 2 should be 
assumed. 
805.7 Analysis of a plate with unequal panels 
To determine the effect of adjacent pan~ls of different shapes and 
sizes on the moments in a particular panel, a structure consisting of 16 panels 
having three different shapes and sizes was analyzed using the moment distri= 
bution procedure. The moments obtained by this analysis were compared with 
the corresponding values derived in the previous analyses of equal-panel 
plates. It was found that for similar panels, that is, for panels with the 
same b/a ratio, the same T/K ratio) and similarly located with respect to the 
edges of the plate, the positive moments in the span and the negative moments 
at discontinuous edges, due to either uniform. loading or single panel loading, 
were practically independent of the length and shape of the adjacent panels, 
up to certain limitso Comparisons of negative moments over interior beams 
gave the same result, once the unequal moments obtained at the two sides of 
an interior beam from the corresponding equal-panel structures were balanced 
by a single cycle of moment distribution 0 
For plates with constant thickness, and where adjacent spans do not 
differ by more than 25 percent, Siess and Newmark recommended the distribution 
of two-thirds of the unbalanced moment equally to the tv70 adjacent panels 0 
This recommendation was made taking into account that the stiffnesses of 
adjacent panels falling \-7i thin these limitations are practically equal, and 
assuming a ratio of T/K = l~ However, for slabs supported on bare steel 
beams, which offer no torsional resistance, the entire unbalanced moment 
should be distributed to the adjacent panelso 
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8.508 Effect of deflections of supporting beams 
In all the analyses described up to this point, the supporting beams 
were assumed as non-deflecting elements, a condition that is not satisfied in 
practice. Actually, beams do deflect, and therefore some moment is transferred 
from the beams to the slab. To investigate this effect, slab moments were 
computed in equal-panel structures, with bja ratios equal to 0.5 and 1.0, 
for both dead and live loads, based on two extreme conditions: infinitely 
stiff beams and beams with zero stiffness. 
From typical designs, the range in practice of the ratio of the 
flexural stiffness of the beams to that of the slab panel -was established, 
and a minimum probable value for this ratio was selected. Also, approximate 
relationships between slab moments and relative beam stiffnesses were deter-
mined based on the results presented in Reference 12, for slabs with side 
ratios equal to 0.5 and 1.00 It was observed that, although the variations 
in the values of the slab moments between the extreme conditions of zero and 
infinite beam stiffness were quite large, the increase in moment corresponding 
to the minimum beam stiffness that can reasonably be expected is not more than 
5 or 10 percent of the ~otal possible change. It was observed furthermore, 
that the percentage of increase was greater for positive than for negative 
moments, and that it varied with the shape of the panel and the relative 
length of the span considered, but that it was practically independent of 
the position of the panel in the slab and of the type of loading considered. 
The increases in average slab moments due to beam deflections 
arrived at in this study are summarized in the following table: 
Average Increase in Moment (Percent) 
[Ratio of Short Span Lonf Span 
Sides Negative Positive Negative Positive 
0 .. 5 5 7 12 54 
1.0 12 2l -- --
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The values presented in this table were derived from analyses of 
slabs built monolithically with their supporting beamso 
8,,509 Moment coefficients for combined dead and live loads 
The ratio of moment coefficients for dead load (uniform loading) to 
the corresponding values for live load (single panel loading), once these 
moments had been corrected to take into account beam deflections, ranged from 
0072 to 00940 Therefore, the proportions in which these coefficients are 
combined to obtain a single value for a certain ratio of live load to dead 
load are not very importanto 
From studies made using three different ratios of live load to dead 
load, I, 3 and 6, it was concluded that the coefficients obtained for a 
LLjDL = 3 gave satisfactory results in most cases, not more than about 8 
percent on the safe side in the case of a ratio equal to 1, and not more than 
3 percent on the unsafe side when the ratio was taken equal to 60 
805010 Effect of discontinuous edges 
A comparison was then made of the combined coefficients for dead 
and live loads derived for interior, edge, and corner panels of slabs built 
monoli thically with their supports and composed of equal panels, with ratio 
of sides equal to 005 and 1000 It was found that the coefficients for an 
edge panel were only rrom 2 to 10 percent greater than those for an interior 
panel, while the coefficients for a corner panel were from 6 to 12 percent 
greater" Since, due to the nature of the moment distribution procedure 
itself, the.coefficients derived through its application are only approximate, 
Sies$ and Ne'imark decided to average the coefficients for typical corner and 
interior panels, and to use these averages for all panels in the case of 
slabs monolithic with their supporting beams 0 "The moments obtained in this 
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manner" [were] about 3 to 6 percent low for corner panels, 3 to 6 percent high 
for interior panels, and 2 to 4 percent low or high for edge panels, depending 
on the direction of the moments relative to an edge tf (27). 
8.5.11 Effects of redistribution of stresses 
Taking into consideration that the critical "slab moments determined 
in this procedure correspond to different partial loadings, and therefore do 
not occur simultaneously, a reduction of 20 percent was suggested in the 
values obtained from" these partial loadings to take into account the redistri-
bution of stresses that takes place in the slab under increasing loads. Of 
the four types of redistribution that may occur in two-way slabs only those 
occurring between positive and negative moment sections and from one direction 
to the other were considered in making this reduction, both types of redistri-
bution being appropriate in this case due to the use of partial loadings to 
represent live load. The redistribution of stresses across a section was not 
considered since this method deals with ave,rage moments and not with maximum 
values, and therefore, even" if the distribution changes, the average value 
would remain constant. And the redistribution of moments occurring when the 
slab panel is overstressed in a given direction and moments are transferred 
from the panel to the supporting beams spanning in the same direction was not 
taken into account either when suggesting the 20 percent reduction, since 
this type of redistribution can take place only when the slab at right 
angles to the direction studied has enough stiffness and strength to transfer 
the load laterally to the supporting beams. 
Since the reduction in moment coefficients due to redistribution is 
justified by the use of partial loads for live load, a check was made for the 
condition of uniform loading throughout the slab,since for this case all 
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moments in the structure increase simultaneously 0 It was found that the re-
duced coefficients gave values that were in most cases slightly higher than 
the computed moments for all panels loadedJ and that in those cases where 
the design values were lower, they differed only by a small percentage (Not 
more than 6 percent for bja = 005, or 4 percent for b/a = lJ in the case of 
interior panels) 0 Furthermore, if the slabs were subj ected to partial loadings 
and the corresponding moments were determined by moment distribution, the 
computed maximum values would be about 20 percent greater than the proposed 
design moments 0 But the sums of the computed positive and average negative 
moments would vary from 7 percent greater to 5 percent lower than the corres-
ponding sums of proposed design momentso 
805012 Moment coefficients for different ratios of sides 
Moment coefficients for slabs with ratio of sides equal to 005 and 
100 were determined as mentioned above J taking into account the corrections 
due to beam deflections and redistribution of momentso For intermediate values 
of bfa, the design coefficients were assumed to vary in a m.anner similar to 
that observed for the "uncorrected momentslY obtained in the analyses of slabs 
wi th equal panels 0 
For the extreme condition of b/a = OJ the coefficients for the 
short span direction were taken equal to 80 percent of the corresponding 
values for the central span of a five span continuous beam loaded with 
equivalent single panel loadings 0 
The negative moments at discontinuous edges were found to be 
in'all cases practically equal to two-thirds of the corresponding moment over 
an interior beamo 
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8.5.13 Lateral distribution o~ moments 
In the case of uniformly loaded rectangular plates, ~th b/a > 0.5, 
fixed at all edges and supported on non-deflecting beams, the moments across a 
section vary from zero at the edges to a maximum value at the center, with a 
ratio of maximum to average moments varying from 1.8 to 1.5, depending on the 
shape of the panel and on the span considered. However, owing to the de-
flections of the supporting beams, the distribution of moments in a two-way 
slab becomes more uniform and the moments at the edges change from zero to a 
finite value. 
From studies of the effects of beam deflections, it was concluded 
that the ratio of maximum to average moments was decreased appreciably, and 
that the same distribution of moments across a section could be used for both 
directions. Therefore} moments at the middle strip were taken as 1.25 times 
the average moments, while those at the column strips were taken as 0.75 times 
the average values. In recommending these factors it was taken into consider-
ation that the distribution of reinforcement across a section need not be in 
complete agreement with the actual distribution of moments, provided that the 
total amount of reinforcement in the section is sufficient to resist the total 
moment developed at that section. Any differences in distribution of moments 
and reinforcement will decrease in importance as the load approaches the maximum 
capacity of the slab. Therefore, an assumed distribution of moments that roughly 
approximates the real distribution in the slab should be satisfactory. 
8.5.14 Moments in supporting beams 
Moments in the supporting beams were determined from the condition 
that the sum of the moments in the slab and in the supporting beams must 
equal the static moment corresponding to the loading considered. This con-
dition makes it possible to determine the total beam moment, but gives no 
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indication about its distribution to the critical positive and negative moment 
sections 0 
From studies of exact elastic solutions of uniformly loaded rect-
angular plates with fixed edges, and of the moment distribution solutions for 
plates continuous over rigid beams, it was observed that the total beam moments 
were approximately equal to those obtained by use of the panel load distri-
bution given in Method 2 of the ACIo However, these analyses assumed non-
deflecting beams, and since beams in practice do no satisfy this condition, 
a reduction in the proportion of the total moment carried by the beams is to 
be expected because a portion of the load is transferred fram the beams to 
the slab 0 This reduction was estimated as being in the range of 5 to 10 per-
cent of the moments determined by use of the equivalent uniform loads given 
in Method 20 
Furthermore, considering that in most cases beam moments are computed 
by means of "coefficients for maximum moments determined from partial loadings, 
Siess and Newmark decided that a certain reduction in the beam load should be 
considered to take into account the redistribution of moments occurring at 
high loads. This redistribution occurs both between negative and positive 
moment sections of the supporting beams, and from the beams to the slab 0 The 
reduction in the coefficients was limited by the consideration that for 
uniformly loaded panels redistribution of moments of the kinds considered 
here is not possible J and therefore, the sum of the moments resisted by the 
the beams and the slab must not be less than t~e static moment for uniform 
load in all panelso It was found then that a reduction of 20 percent in the 
equivalent uniform load values given in ACI Method 2 would be adequate to 
satisfy the above criteriono It should be pointed out again that the re-
duction recommended by Siess and Newmark is indicated only when the maximum 
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positive and negative moments are determined from partial loadings, and not 
for the case where all panels are loaded and coefficients equal to 1/12 and 
1/24 are used for computing negative and positive moments, respectively. It 
is only owing to the use of coefficients corresponding to partial loadings in 
evaluating maximum moments that the reductions due to redistribution are valid. 
In the final presentation of the method, Siess and Newmark considered 
that when the beams are the major carrying elements in the structure their 
design should be made in accordance with the procedures used commonly in one-
way construction. Therefore, no reduction should be made in the load corres-
ponding to the beams spanning in the long direction when the ratio of sides 
is 0.5 or less. For panels with b/a in the range 0.5 to. 1.0 the reduction in 
load for these long beams should be increased linearly from 0 to 20 percent. 
805015 Slabs sUpported on steel beams 
In the final presentation of the method, Siess and Newmark pro~osed 
also design coefficients for slabs supported on steel beams which.provide·no 
restraint against rotation at the edges of·the slab. 
The coefficients proposed were based on the values derived in the 
analyses of equal panel plates for a ratio of T/K = O. Since for this con-
dition the location of the panel considered with respect to the edges of the 
slab becomes important, moment coefficients were given for four typical 
panel cases: interior panels, edge panels with a short edge discontinuous, 
edge panels with a long edge discontinuous, and corner panels. 
As in the case of slabs built monolithically with their supports 
(Case A), the live load was represented by single panel loading. Although 
the differences between the moments due to this loading and those due to 
checkerboard loading were greater in this case than for slabs under Case A, 
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the use of single panel loading was justified on the basis of its greater 
probability of occurrenceo 
From the coefficients derived for uniform loading and for single 
panel loadings, combined coefficients for a live load-dead load ratio equal 
to three were obtained for each typical panel case 0 The resultant values, 
which would correspond to elastic plates supported on non-deflecting beams, 
were modified to take into account the deflections of the supporting beams and 
the redistribution of stresses, in a manner similar to that used for slabs 
monolithic with their supportso It should be pointed out that in estimating 
the increase in slab moments due to beam deflections, the percentages shown 
in the table presented in Section 80508 were used in this case alsoo Although 
these values were determined from studies made of slabs supported on concrete 
beams, it was considered that, since a minimum probable value of beam stiff-
ness was considered in computing the percentages of increase, they were still 
adequate for use in the case of slabs supported on bare steel beamso 
For slabs of this type, moments at discontinuous edges can be taken 
equal to zero, and the total unbalanced moments at interior edges must be 
distributed between the two adjacent panelso However, for those structures 
where the exterior beams are built ,monolithically with the slab, while all 
other supporting beams are not monolithic with it, the method recognizes 
the effect of the torsional resistance of the edge beams by prescribing the 
use of the coefficients given for interior panels under Case B for the design 
of all the panels in the structure 0 
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9. DISCUSSION OF DESIGN METHqDS ~ MOMENTS IN THE SLAB 
901 Introduction 
This chapter presents a comparative discussion of the basic assump-
tions and considerations behind the provisions "of the four design methods 
analyzed in this investigation 0 It present.s also a comparative study of the 
manner in which the different variables are considered to affect the design 
moment coefficients and of the limitations and simplifications made in the 
derivation of each of the design procedureso 
The comparisons made in this chapter are essentially of a qualita-
tive order 0 Their purpose is to'point out the reasons behind the differences 
in design moment values that can be observed in the curves presented in Chapter 
50 It is intended to show whether these dif'ferences are the result only of 
different assumptions regarding the number, range or effect of the variables 
considered by each method, or if they imply also a ~undamental difference in 
the approach of the different methods towards the problem of design of two-way 
reinforced concrete slabs 0 In other words, it is intended to point out whether 
the differences found originate only due to differences in the procedures 
utilized by the distinct methods to evaluate the relative effects of the signi-
ficant variables, or if they imply further a basic differenCe regarding the 
selection of the characteristics in the behavior of a slab under loading that 
must be considered in designo 
Since the comparisons made in this chapter deal with the manner in 
which the different variables in a two-way slab structure have been considered 
to affect the values of the bending moments at the critical design sections, 
this chapter is closely connected with Chapter 8, where the procedures utilized 
by each of the design methods to take into account these variables have been 
presented in detailo 
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902 Scope 
The discussions presented in this chapter will be limited to the 
provisions in the different methods. regarding the determination of the design 
moments in the slab itself. Those provisions governing the determination of 
the design moments in the supporting beams will be discussed in Chapter 10. 
This division has been made taking into account that in general -
except in Method 1, and in some cases also in the Modified Elastic Theory -
the provisions for the design of the supporting beams are relatively independent 
of the method used to determine the design moments in the slab 0 However, it 
is recognized that this separate determination of the design moments for a 
slab and its supporting beams is one of the major defects in the design methods 
used ordinarily, since it'restricts greatly the flexibility in the design of a 
slab structure. 
903 General Observations Regarding the Problem of Design of Two-Way 
Reinforced Concrete Slabs 
A two-way reinforced concrete slab is an extremely complex structure 
whose mechanical properties cannot easily be defined, since they are not con-
stant throughout the structure and since they vary with time and with the level 
of applied load. It is therefore impossible to base the design of such a 
structure on an exact determination of the actual stresses developed at the 
critical sections under particular conditions of loadingo It is convenient 
then to replace the structure in question by a similar ideal structure whose 
behavior under loading can be predicted in an accurate way. 
Since the first difficulty in the stress analysis of a reinforced 
concrete slab arises from the uncertainty and the variability in the proper~ '., 
ties of the material itself, the obvious simplification consists of sub~ti tut-
ing a similar structure made of a material with well defined mechanic charac-
teristics for the structure in question. Thus, it is customary to substitute 
a similar elastic structure for the reinforced concrete slab to be analyzed 0 
But the exact analysis of this elastic structure is still a very complex pro-
blem, for which solutions are available in particular cases only 0 In a 
general sense, the method of analysis must take into consideration the 
following factors~ the rectangularity of the panels, the conditions of 
restraint or continuity at the edges, the size and shape of adjacent panels, 
the flexural and torsional stiffnesses of the supporting beams, and the 
loading conditions of the structure 0 Since no general solution taking into 
account all these factors .is available for this problem, and since the exist-
ing methods for the solution of particular cases are too complex to be used 
in design, it is necessary to use approximate methods of analysis that will 
yield results that, although not exact, will be accurate enough to serve as 
a basis for design of the structure 0 
However, it is not enough for design purposes to arrive at a satis-
factory approximate method of analysis, since at best the method will yield 
only the values of the elastic moments developed in the plate structure 
considered, and not the moments occurring in the reinforced concrete slab 
for which the reinforcement must be proportionedo The results of the elastic 
analysis. must be modified to take into account, even if only approximately, 
the differences existing between the elastic structure analyzed and the 
reinforced concrete slab in questio~o 
Furthermore, in order to simplify the procedure of design in 
ordinary practice, it is convenient to limit the number of variables con-
sidered explicitly in the method to those whose effects on the design moments 
are really significant, and to take care of the effects of all other variables 
indirectly by the coefficients proposed in the method 0 This makes it 
necessary to study the relative e~fects of the different variables in the 
moments develqped in a structure, confining the rang.e of the variables con-
sidered to their usual limits in ordinary building construction 0 
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The simplifications mentioned in the paragraph above are based on 
more than just practical reasons. Since the methods of analysis utilized 
are only approximat~, and since the structure they analyze is not exactly 
that for which the design is made, it is both unrealistic and impractical 
to attempt_~ exact determination of the effects of all variables in each 
parti cular case. 
Thus, three stages may be considered in the development of a design 
procedure for two-way reinforced concrete slabs. In the first stage, a 
simplified method of analysis is selected by which the moments developed 
in an elastic plate under diffe:rent conditions of loading and geometry may 
be determined in an approximate manner. In the second stage, the relative 
effects of the different variables are studied by means of the method of 
analysis selected, to determine which are the significant variables that 
must be considered explicitly in the method of design. And finally, in the 
third stage, the differences existing between the structure analyzed and 
a two-way .. slab are taken into account in modifying the results of the second 
stage to develop a design procedure. Also, additional simplifications are 
made for the practical application of the method, taking into account the 
usual range of the variables in ordinary building construction. 
These three stages of development have not been c~ried out to 
the same extent in the different methods consideredo This fact provides 
a convenient basis for the classification and discussion of these four 
methods, as it will be shown in the next section. 
9.4 Classification of Design Methods 
The four methods discussed in this investigation are, strictly 
speaking, methods of design; that is, they are intended to give moment values 
for which the reinforcement in a slab structure should be proportioned. 
Nevertheless J based on their fundamental approach to the problem of design 
of a two=way slab 7 they can be divided into "methods of analysis" and 
"methods of design" 0 
In the "methods of analysis" a procedure is established by which 
the moments at the critical sections of a similar elastic structure may be 
determined as functions of the significant variables J and the design of the 
slab is based directly on these moments. The effects of some additional 
variables, which the method of analysis used cannot predict, are estimated 
on the basis of experimental evidence or "engineering judgment".~ and are 
taken into consideration by rules of design when prqportioning the steel. 
To simplify the application of , the method in ordinary cases] the need of per-
fOrming the analysis is eliminated by the use of coefficients presented for 
different panel conditions. These coefficients are the result of direct 
application of the method of analysis proposed to each particular case pre-
sented} and thus can be reproduced easily by following the assumptions made 
in the method of analysiso 
On the other hand, the ttmethods of design" utilize the results of 
elastic analyses of plates only as a guide in the design of a slab~ and 
thus modify these results to take into account the differences existing 
between a reinforced concrete slab and the elastic plate for which the 
analysis is actually performedo Since the elastic analyses of plates are 
in general too complex to be used as ordinary tools of deSign, and since 
the corrections to the values determined by an elastic analysis necessary 
to approxLmate the conditions in an actual slab structure are not straight-
forward} these methods include tables of moment coefficients for different 
panel conditions, as functions of the major variables exclusively 0 All 
other variables are included implicitly in the values of the proposed moment 
coefficients, which are selected taking into account the normal range of 
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these variables in ordinary two-way slab construction:and the critical con-
ditions of loading for the different design sectionso Thus, the coefficients 
presented in these methods cannot be reproduced without considerable effort, 
since they are not the direct result of the elastic analysis of a plate 
structure. 
The differences between the two groups may be summarized as follows: 
the "methods of anal.ysis" are based on the assumption that a reinforced con-
crete slab may be designed properly. using the moments computed for a similar 
elastic plate. Thus, these methods are limited to indicate an approximate 
procedure of analysis by which these elastic moments can be determined easily 
for different conditions of loading. The coefficients presented are intended 
only to simplify the application of the meth~;but do not include any modi-
fication to the values obtained from the elastic analysis. 
In the "methods of design" the results of the elastic analyses are 
modified to take into account the specific characteristics of a reinforced 
concrete slab. Besides, owing to the practical impossibility of direct 
consideration of the effects of all the significant variables in the moments 
developed in a slab structure, because of the complexity of both the elastic 
analysis and the corrections necessary to take into account the special 
characteristics of a reinforced concrete slab, simplifying assumptions are 
made regarding the effects of some of the less important variables so as to 
include these effects indirectly in the values of the coefficients presented 
in the method~ Consequently, the coefficients proposed are not intended to 
evaluate the actual moments occurring in the slab structure for any particular 
loading, but rather to yield moment values from which the reinforcement in 
the slab may be proportioned to obtain a structure of adequate strength for 
the general type of loading expected. 
According to this criterion of classificationJ the design proce-
dures considered are divided as follows~ 
Methods of Analysis ~ ACI Method l and 
Modified Elastic Theory Method 
Methods of Design~ ACI Method 2 and 
Newmark-Siess Method 
Other criteria could have been used to classify the methods 
studied in this investigation. However, it is considered that the criterion 
selected here permits separation of the methods in a convenient manner for 
discussion of their basic characteristics 0 Thus J in the "methods of analysis" 
the discussion will be devoted mainly to the effectiveness of the recommended 
procedures for estimating the moments developed in elastic plates. In the 
"methods of design", the discussion will be centered on the manner in which 
the different variables are taken into consideration, and on the corrections 
and modifications made to the results of the elastic analyses to approximate 
more closely the conditions in a two~way slabo 
The same division between the methods would result if the type of 
elastic analysis utilized were selected as the basis of classification 0 
Both 31methods of analysis" are based on If cross-stripl1 analyses} while the 
"methods of design" are based on simplified plate analyses. This fact is 
an additional advantage of the division made here for the discussion of the 
characteristics of the different methods of designo 
905 Methods of Analysis 
It has been mentioned above that both ACI Method l and the MET 
Method are based on cross-strip analyses. In this type of analysis, the 
slab structure is replaced by a system of slab strips spanning in perpen-
dicular directions, and the load acting on the structure is distributed to 
these strips in proportion to the relative rigidity of the slab in these two 
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directions. However, the values of the loads (in ACI Method 1) or the 
moments (in the MET Method) obtained from this distribution are modified 
to take into account the torsional resistance of the slab and the non-uniform 
distribution of the load carried in each direction throughout each spane 
Therefore, a comparative study has been made of the manner in 
which each method considers these three problems~ 
(a) The distribution of panel load in the two directions of 
the slab 
(b) The effect of the non-uniform distribution of load throughout 
each span and the effect of the torsional stiffness of the slab panel 
(c) The case of continuous plates. 
In order to establish clearly the differences between Method 1 
and the MET regarding the first two problems, it is convenient to consider 
first their application to structures: formed by single panels only, since 
the basic features of load distribution and moment correction were obtained 
in both methods from observation of the moments developed in single panel 
plates 0 This restriction eliminates the effects on the computed values of 
different assumptions regarding .the proportiQn or arrangement of live load 
and the influence of adjacent panels. The manner in which these methods 
consider the case of continuous slabs, and on which they differ radically, 
will be discussed later in this section. 
905.1 Analysis of single panel structures 
The distribution of load to the two directions of the panel is 
based in both methods on the same principle: a larger proportion of the 
load is carried in the stiffer direction. However, different criteria are 
utilized to measure these relative stiffnesseso In Method 1, they are 
measured by the distances between the lines of inflection when uniform 
load is applied to the panel, and the load is then distributed in inverse 
proportion to the cubes of these distances 0 In the MET Method, the distri-
bution of load is based on the condition of equal deflections at midspan 
for the two strips intersecting at that pointo 
In both methods, the distribution of loading depends only on 
two factors~ the ratio of .sides, and the conditions of restraint at the 
edges of the panelo Both criteria of load distribution are arbitrary, and 
can be justified only on the basis of the agreement obtained between the 
moments derived through their application and those computed using more 
accurate procedures. 
The effects of the non-uniform distribution of load along a 
span, originated by the continuous change in the ratio between the stiff-
nesses of slab strips spanning in the two directions of the panel as the 
supports are approached, and the effects of the torsional stiffness of the 
slab are taken into account together in the two methods discussed here. 
However j they are considered at different stages in the procedure of analysiso 
In Method 1, these two factors are taken into account by means of 
a single parameter, the equivalent uniform load factor ~, whose aerivation 
has been presented in Section 802070 Two points sh9uld be noticed in con-
nection with this derivation~ 
(a) The evaluation of the parameter ~ is entirely arbitrary in 
that it depends largely on the conditions of restraint of the panel selected 
for its determination. 
(b) The expression obtained for ~ is based exclusively on the modi-
fications necessary to obtain correct positive moment valueso And apparently 
no consideration was given to the validity of this expression to determine 
negative moments. 
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It must be noted also that the values of the parameter ~ depend to 
a large extent on the assumed distribution of loading. However, since this 
is entirely arbitrary, the discussion will be centered on the effectiveness 
oT the corrections made in the moments obtained from this load distribution 
to approximate the values of the moments developed in an elastic plate. 
Point (a) may be illustrated by considering three square panels, 
wi th equal dimensions and loading but with different support conditions: 
one panel simply supported at ail edges, another with two adjacent edges 
fixe.d and the other two simply supported and, finally, one fixed at all edges. 
Since the panels are square, and the conditions of restraint are in each case 
equal in the two directions, the load would be distributed evenly in both 
directions in the ,three panels. Therefore, if the load in each span were 
a.istributed uniformly, the moments at midspan would be 1/16 VlA2 (0. 0625wA2), 
1/32 wA2 (O.0313 wA2) and 1/48 wA2 (0.0208 wA2 ), respectively0 However, the 
corresponding values for these moments, as determined by exact elastic analyses 
222 
are 0.0369 wA , 0.0234 wA and 0.0175 wA. Thus, the intensity of loading 
must vary throughout ,the different spans in such a manner as to yield values 
for ~ equal to 0.59, 0.75 and 0.84, respectively. But the formula presented 
by Di Stasio and Van Buren will yield e = 0.67 in the three cases 0 It is 
obvious then that the use of the same value of e for the three cases will 
lead to incorrect results. 
Similar comparisons for panels with other ratios of sides show 
that the ~formUla for ~ presented by Di Stasio and Van Buren is too approxi-
mate to take into account effectively the influence of different conditions 
of continuity at the edges of a slab. 
In connection with point (b) above, it must be noted that the 
evaluation of the equivalent load factor ~ was based entirely on consideration 
of the £Qsitive moments at midspan in plates simply supported at all edges 0 
And al.though the extension in the applicability of the expression derived to 
slabs with other panel conditions on the basis of the 31 rectangulari tyllt of the 
panel, as measured by the distances between the lines of inflection, may 
appear reasonable for positive moments; no consideration was apparently 
given to the validity of this expression to determine negative moments at 
the supports of panels with different restraint conditions" 
The use of an !l1 equivalent uniform loadu to determine the moments 
in a slab implies that the ratios between the moments in an elastic plate 
and the corresponding moments obtained from a cross-strip analysis depend 
exclusively on the rectangularity of the panel, and that they are equal for 
positive and negative momentso However, this is not the case, as may be seen 
from the following example 0 
Consider the case of a ur~formly loaded square plate fixed at all 
edges" 'Ine maximum posi ti ve and negative moments in the panel, according to 
a crossc~strip analysis, would be 0.0208 wA2 and 0.0417 wA2 , respectively. 
2 The exact moments in an elastic plate are, however, 000175 wA , and 
0~0516 wA2j respectively 0 Therefore J the values of the correction factors 
~ would then be equaJ. to 0084 for the positive moment, and 1.24 for the 
negative moment~ However, according to the provisi~ns on which Method 1 
is based, a value of ~ equal to 0.67 would be used in both caseso Thus, the 
negative moment computed on the basis of the equivalent load factor recom-
mended by Method 1 would be only 54 per cent of the exact moment valu~. This 
example shows the magnitude of the errors that may' be obtained by using the 
equivalent load factor ~~ derived from consideration of positive moments only, 
to compute the negative moments developed in a slab 0 
-170-
The inadequacy of an equivalent uniform load factor based entirely 
on the "rectangularity" of the panel to determine, with satisfactory approxi-
mation, the moments developed in a plate may be explained by the following 
considerations. 
As indicated previously, a main source of error in the moments 
obtained directly from a cross-strip analysis is the lack of consideration 
of the torsional stiffness of a slab. Thus, the parameter ~, which is 
intended to correct' the strip moments to obtain moment values close to those 
occurring in an elastic plate, should depend largely on the torsional stresses 
developed in a slab 0 Since the distribution and the magnitude of the tor-
sional stresses are affected greatly by the conditions of restraint at the 
edges of the plate, ~ should not be the same for plates with different condi-
tions of restraint" even if they have the same "rectangularity ratiou. This 
is the reason why the formula for ~ developed from simply supported plates 
yields incorrect results when applied to corner and interior panels with the 
same rectangularity ratio. Furthermore, since the torsional moments developed 
in a slab with fixed or continuous edges are relatively smaller than those 
in a simply-supported plate, the use of the parameter ~ in those cases will 
yield in general posi ti ve moment, values that are t'oo small in comparison with 
the elastic values derived by more accurate procedures, as may be observed 
in Figs 0 2 and 5. 
Results from exact methods of analysis show that the effects of 
the torsional stiffness of a panel on the negative moments developed at a 
fixed or continuous edge are very small} and that '_ordinarily can be neglected. 
Therefore, the use of the parameter ~, intended to correct the positive 
moments obtained by a cross-strip analysis, to determine the negative moments 
at the supports of a panel yields values that in general are too low in com-
parison with the exact elastic values 0 This may be observed in Figs 0 8 .... 12. 
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The two main defects of the equivalent load factor of ACI Method 1, 
that is, the inadequacy of the expression derived for ~ to differentiate 
satisfactorily between panels with different restraint conditions, and the 
extremely low values obtained for negative moments, are eliminated in the 
procedure recommended by Marcus on which the MET method is basedc In thi s 
procedure) positive and negative moments are considered separately, and no 
correction is made in the negative moments derived from the cross-strip 
analysisn For positive moments, the corrections necessary to take into 
account the non=uniform distribution of loading along each strip, and the 
torsional stiffness of the slab, are made directly to the moments obtained 
from the strip analysis, and not to the distributed loads as in Method 1. 
5 A2 mA 
The correction factor is 1 - 6 B2 MeA ' as shown in Section 804040 This 
factor J which serves the same purpose as the parameter ~ in Method 1, takes 
into account J therefore, both the ratio of span lengths and the ratio between 
the computed cross-strip moment and the static moment of the total panel load 
in the direction considered. This second ratio depends on two factors~ the 
conditions of restraint at the edges of the span, and the proportion of the 
total load carried in the direction consideredo The form of this expreSSion 
makes it more sensitive to the effects of different edge conditions than 
that presented by Di Stasio and Van Bureno Consequently, the errors in 
Method 1 arising from the use of equal values of e for different panel 
conditions do not occur in this method~ 
The relative accuracy of these two procedures for evaluating the 
moments developed in single panels with different conditions of restraint 
and different ratios of sides may be determined by comparison with the corres-
ponding values obtained by exact elastic analyses, which in this study were 
taken fram Reference lOo 
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For this comparison, the bending moment coefficients used in 
Method 1 were those corresponding to a single-span beam, fixed or simply 
supported, and not those recommended in the Code for continuous beams in 
one-way construction. This was done to avoid any difference in moments 
attributable to the use of different moment coef~icientso For panels where 
the conditions of restraint are not the same in both span directions, and 
for which the value of the "rectangularity ratio !.fl depends on the values 
used for FA and FB, !. was computed using the values '. for these ratios recom-
mended in the method (1000, 0087 and 0.76), although they correspond strictly 
to spans ~th continuous rather than fixed edges. It was observed, however, 
that these values gave results that were in most cases more satisfactory 
than those obtained with the correct values of FA and FB corresponding to 
spans with fixed edges. 
The results of the comparisons made in this study are summarized in 
Table 38, where th~ range and average of the ratios of the moments computed 
according to each of the two methods with respect to the corresponding elastic 
moments are presented for the nine different cases considered in the MET 
method. The values presented in this table correspond to panels with ratio 
of sides ranging from 005 to 1.00 
Comparisons of the values included in this table show that in most 
cases the moments derived using the Marcus procedure. are closer to the corres-
ponding values obtained from exact elastic procedures than those given by 
Method 1. It may be observed that, in general, the ratios obtained from 
moments in the short span direction are more consistent than those derived 
from moments in the long span direction. Similarly, those obtained from 
moments derived according to the Marcus procedure have less range than those 
obtained from Method 10 
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To facilitate the study of the trends of variation of the ratios 
presented in Table 38, these have been grouped according to the conditions of 
restraint at the ends of the span considered, and the total average values for 
each of the three different conditions obtained are presented in Table 39, 
where the range of the corresponding ratios is included also 0 Furthermore, 
to show the trend of these ratios for different ratios of sides, the values 
obtained for panels with b/a equal to 0.5 and 100 have been summarized in 
Table 400 The values in this table represent average percentage differences 
with respect to the corresponding elastic mamentso To avoid the compensating 
effect of positive and negative differences, the absolute magnitude of these 
differences was considered in computing the corresponding averageso The 
range of the ratios involved in each case is presented also in this table 0 
Regarding the values computed according to Method 1, Table 39 
shows that although the corrections to the moments derived by cross-strip 
analysis were based in this method on the moments developed in simply sup-
ported plates and therefore would presumably yield most accurate results for 
spans simply supported at both ends, the average of the ratios between the 
computed and the exact posi ti ve moments in the short span direction is equal 
to lo14 i,n this case, but is equal to 0.99 for spans simply supported at one 
end and. fixed at the other 0 This is due to the general increase in the value 
of ~ resulting from the use.~ in the derivation of the expression for this 
parameter, of the value 2/3 as corresponding to ~ in the case of square 
panels, instead of the correct value of 3/5 indicated in Section 802070 If 
the correct value of e had been used} the computed moments for spans simply 
supported at both ends would be closer to the_ exact elastic values 0 But the 
moments on spans fixed at one or two ends would then differ by larger amounts 
from the corresponding elastic momentso 
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Table 40 shows that Method 1 yields satisfactory results for both 
positive and negative moments for panels with ratio of sides equal to 0.5. 
This was to be expected, since for this ratio the values of e used in this 
method cannot be far from the correct valueso But for square panels, and for 
the moments, in the long span direction of panels with b/a = 0.5, the,. differ-
ences increase significantly, particularly in the case of negative moments. 
This table shows also that, as indicated previously, the negative 
moments derived using Method 1 are in all cases very low in comparison with 
the exact elastic values.. The ratio between these moments decreases from a 
~mum value for the short span direction at b/a = 0.5, to a minimum value 
for the long span direction, also at b/a = 005- This trend, which may be 
observed also in Figs. 8-12, agrees with the tre~d of variation of the 
parameter ~, which further indicates that the use of this parameter in the 
computation of negative moments is the main source of error in the values 
derived using this method. 
With respect to the moment values computed using the MET method, 
Table 40 shows that :tAose in the short span direction approximate clo,pely 
the exact elastic values,the average difference being 5 per cent only. 
However, for the long direction of the panel, the values obtained for the 
positive moments when the restraints at the ends of the long span ·are less 
severe than those in the short span direction, and those for the negative 
moments in all cases, become too small for panels with low b/a ratios. This 
is due to the use of the extremely low factors of load distribution corres-
ponding to the long span direction. 
It has been shown by exact elastic analyses that the maximum posi-
tive moments in the long span direction of panels with high rectangularity 
ratio do not occur at or near midspan and that they are relatively indepen-
dent of the dimension of the long span. Therefore, the positive moments 
comJ)'uted using the load distribution factors, which presumably represent 
moments at or near midspan, are not the maximum values in the span and 
should be corrected. 
Similarly J it has been shown also that the negative moments at 
the short edges of a long panel are relatively independent of the dimen-
sions of the long span and that they actually increase for decreasing values 
of b/ao (See Figso 8=l2) 0 Thus, it is unrealistic to base the evaluation of 
the maximum negative moments in this case on the assumed distribution. of 
loading, as shown by the comparisons of moments mentioned above. These 
comparisons stress the need of establishing a minimum value for these 
moments to override the extremely low values obtained by application of 
the regular procedureo 
The discussion presented above is not intended to imply that the 
procedure recommended by Marcus is more realistic than that presented in 
Method 10 Both procedures are entirely arbitrary, and were developed speci-
fically to yi.eld moment values that would ap:proximate the correct values 
of the elastic moments developed in plates with certain conditionso It may 
be concluded only that the results obtained using Marcus procedure approxi-
mate more closely the results of exact analyses than those derived using the 
equi valent uniform load concept proposed by Di Stasio and Van Bureno 
90502 Anal~is of continuous structures 
A basic difference exists in the approaches of Method 1 and the 
MET method to the analysis of continuous slabs. Di Stasio and Van Buren 
assumed that the concept of the equivalent uniform load derived from the 
analysis of single panel plates could be used also for continuous slabs, and 
that these could then be analyzed as rigid frames in the two directions of 
the structure, using in each panel the equivalent uniform load corresponding 
to the di.rection consideredo ~'hus J by simply distributing the load to the 
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direction considered. Thus, by simply distrib~~ing the load to the two 
pan~l dir~ctions, and by modifying these loads to obtain the equivalent 
uniform loading according to the r~es prescribed in the method, a continu-
ous slab could be designed following the procedures used ordinarily in 
one-way construction. 
Marcus, on the other hand, utilized the modified cross-strip 
analysis only as a tool to determine the elastic moments developed in 
single panel ~lates with different conditions of restraint. But, for con-
tinuous plates, he based his analysis on results of nexactn elastic solu-
tions obtained with his Elastic Membrane Theory. He observed that the 
effects of continuity in plates are not as important as they are in beams, 
and that for structures subjected to certain types of loading (specifically, 
uniform load on all panels and checker-board loading), the moments developed 
in a continuous plate could be derived accurately from the values obtained 
for single panel plates with adequate conditions of restraint. Thus, 
while the approach taken in Method 1 is simply an extension of the equiva-
lent load concept to continuous plates, the approach utilized in MET method 
implies in reality a simplified moment distribution for plates, as will be 
shown later in this section. 
In the development of Method 1, the same rules utilized to compute 
the equivalent uniform load in the case of single panel structures were 
assumed to apply for continuous slabs, using in the determination of the 
relative stiffnesses of the panel the distances .between the lines of inflec-
tion developed when only the panel in question is loaded. Although the 
selection of this condition of loading is arbitrary, it appears to be the 
logical choice. The stiffness of a slab is essentially a function of the 
geometriC properties of ihe structure, and therefore its determination 
should be independent of the conditions of loading. But the position of 
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the points of inflection in a loaded panel is affected great~y by the 
pattern of loading and by the relative magnitude of the loads applied in 
adjacent panels 0 To exclude the effects 'Of these additional factars ~ all 
other panels in the structure should be either loaded uniformly or unloaded 
entirely 0 The second alternative was selected to determine the relative 
stiffnesses of a panel, since the location of the points of inflection 
would be more sensitive to changes in relative pan~l stiffness the farther 
the points of inflection in the span could move away from their corresponding 
position for fixed edgeso This occurs when the unbalanced moments at the 
edges of a panel are the largest; that is, when the adjacent panels are 
unloaded 0 
But although in the first presentation of the method (21) the 
stiffnesses of the panels adjacent to the panel in question were taken into 
accaunt in the evaluation of the distance between the lines of inflection~ 
till s detail was eliminated in the revisian to the method p.resented in 
Reference 22J and the ratio of the distance between the lines of inflection 
to the span length in the direction considered was made a function only of 
the number of continuaus edges in the span~ This simplification may be 
justified by the observed narrow range of variation for thes~ ratios for 
large variations in relative stiffnesses of adjacent panels, and by the 
consideration that since the criterion of load distribution is entirely 
arbitraryJ its application should be made as simple as possible. 
Since ~mum moments at the'critical sections could then be 
computed as in ordinary one-way construction, with dead load acting an all 
panels and live load placed sa as ta produce maximum moment at the section 
considered, the bending moment coefficients prescribed in the Code to 
simplify the analysis 'Of cantinuous beams could then be used in this analy-
sis alsa, with presumably the same restrictians regarding their applicatian. 
In the method proposed by Marcus, the positive and negative 
moments in eac~ panel corresponding to the first stage of a moment distri-
bution procedure, in which case the continuous edges of each panel are 
assumed to be fixed against rotation, are determined using the cross-strip. 
analysis. The corrections to these moments, to take into account the rota-
tions at the continuous edges, are ma~e using a moment distribution procedure 
in which the stiffnesses of adjacent panels are assumed to be equal and in 
which no moments are carried over to the other edges of the panels considered. 
Although this distribution procedure would be grossly approximate for con-
tinuous beams, it is acceptable for continuous plates ~oaded uni"formly 
throughout 0 For this type of loading, and for structures where adjacent 
panels do not differ greatly in span length, the negat~ve moments at the 
supports differ only slightly from the fixed-end moments at a completely 
fixed .~dge. Therefore, the unbalanced moments are rela~ively small, and the 
average value of the fixed end moments computed at both sides of a support, 
and which correspond to the assumption of equal stiffness in adjacent 
parlels, will be accurate enough to represent the moment developed at that 
support 0 
In the proposed MET method, this procedure was modified somewhat 
to consider the relative stiffnesses of adjacent panels in making the dis-
tribution of unpalanced m~ments. However, the distribution of unbalanced 
moments if required only when the computed moments at both sides of a sup-
port differ by more than 20 per cent. Smaller differences will ordinarily 
correspond to spans of similar lengths, and therefore, similar stiffnesseso 
Thus for these cases the average values would be satisfactory, since they' 
would not differ much from the values obtained with a proper distribution .. 
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It should be noted that no corrections are made to the positive 
moments as a result of the adjustments in negative moments mentioned above, 
although in reality they will change as a result of the rotations occurring 
at the continuous edges,) However J since these rotations are small, the 
corrections wOuld··also be small,ll and in this method they are negle.ctedo 
Therefore, for dead load, which is ordinarily assumed uniformly 
distributed throughout the structure, IIJ.oments can be computed directly from 
the values determined for single panels by considering all continuous edges 
to be fixedo The positive moments at midspan are then left unchanged, and 
the negative moments at the supports are 'adjusted as indicated above to take 
into account the rotations occurring at the continuous edgeso 
The use of live load negative moments computed on the basis of 
uniform load on all panels was justified by Marcus by the results of exact 
elastic analyses using the Elastic Membrane Theory 0 He observed that the 
effect on the negat.i ve moment at an interior support of 'loading or unl.oading 
panels located more than one panel length away from the support considered 
was relatively small and thus could be neglectedo 
The averaging procedure suggested to determine the live load 
.. posi ti ve moments at midspan is based on the principle of superposition, and 
is strictly correct only for structures composed of equal panels, since 
only for these structures do the panels behave as simply supported when 
subjected to antisymmetric loading 0 However, as shown by the studies made 
by Siess and Newmark on a slab with unequal panels ~hich have been described 
in Seco 80507, for slabs where adjacent panels do not differ excessively 
in length (not more than 25%), the positive moments in a panel are practi-
cally equal to those developed in a corresponding panel of a slab made up . 
entirely of panels equal to the one consideredo And since the averaging 
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procedure does apply in this case 7 it follows that it will yield satisfactory 
results also in structures with unequal panels. 
As an illustration of the relative accuracy of the basic procedures 
of analysis_ on which Method 1 and the MET method." are based, Table 41 pre-
sents the results of analyses made on two structures: Structure A, formed 
by three sCluare panels in a row, and Structure B, consi sting of nine sCluare 
panels, arranged in three . rows of three panels each 0 Both structures are 
assumed to be supported on rigid beams that offer no torsional resistance. 
The values presented were obtained using the frame analysis pro-
posed by Di Stasio and Van Buren,. and the procedure recommended by Marcus for 
analysis of continuous plates. It should be noted that the exact moment 
coefficients corresponding to the conditions of loading considered were used 
in the frame analyses, and not the coefficients recommended in Section 701 
of the Code .. 
As a basis of comparison, If exact tt elastic values are included also 
taken from analyses made by Marcus reported in Reference 60 
Moments are given in this table for two loading condi,tions: uniform 
load on all panels, representing the case of dead load and used also to com-
pute negative moments due to live load; and checkerboard loading, used to 
determine live load positive moments. 
From the moment ratios j,p.cluded in the table it may be observed 
that the negative moments obtained by·means of the frame analysis of ACI 
Method 1 are in all cases cor£iderably smaller than those deriv~d by exact 
elastic analyses. The ratios of positive moments are, on the other hand, 
very errati~o Some of these moments approximate closely the results of the 
exact analyses, but most of them differ considerably in either direction. 
Wi th respect to the values obtained using the Marcus proced1ll"e, the satisfac:-
tory agreement with the corresponding exact moment values is evident. 
In connection with the procec1.u.rt;= used in Method l, it may be 
indicated that no proof was given in the presentation of the method that the 
use of a frame analysis of the type described would yield moment values 
approximating satisfactorily those developed in a continuous elastic plate. 
The results presented in Table 41 show that actually they differ greatly 
from the exact momentso Several reasons exist for these differenceso First, 
as indicated in Section 90501, the fixed end moments ip each panel, computed 
from the equivalent uniform loadings, are in all cases much smaller than the 
corresponding exact elastic valueso Since the fixed end moments constitute 
the basic values in the moment distribution procedure, satisfae,tory results 
cannot reasonably be e~ected from this analysis, even if the parameters of 
the distribution procedure used were correct 0 That is, no matter how the 
unbalanced moments at each interior edge are distributed to the tw,? adjacent 
panels J the resulting negative moments would .still be smaller than the 
correspon~ng exact moment values 0 
Another reason for these discrepancies lie~ in the procedure itself 0 
Even if the fixed end moments computed in the first stage were correct, the 
moment values determined by a frame analysis of this type would still differ 
appreciably from those in an elastic plate u In dividing a structure in 
strips. and a..l'1~_1 yzi!'l..g each strip ~eparately j no consideration is given to 
the effects of continuity of the structure in the direction perpendicular 
to that of the moments considered 0 These effects J as may be observed by 
comparing the relative values of the carry~over factors in the two direc-
tions of a panel~ as presented by Siess and Newmark in Reference 15, are in 
most cases more significant than those of rotations in the direction of the 
moments conSidered, at edges located more than a half-panel distance from 
the section in study 0 Thus, it is not enough to distribute the panel load 
in the two directions of the structure according to the conditions of 
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continuity at the edges of each panel; it is necessary also to take into 
account the interaction occurring in a plate between the moments acting in 
perpendicular directionso 
90503 Additional factors considered 
The discus.sion up to this point has dealt exclusively with the 
manner in which both methods intend to derive approximately the ~mum 
values of the elastic moments developed in continuous plates simply sup-
;..~-. 
ported on rigid beams that offer only vertical support 0 The variables con-
sidered in both methods included the ratio of Sides, the conditions of 
continuit~, the pattern of loading and the effects of adjacent panels of 
unequal spans or shapes. 
On the assumption that a satisfactory design would result if 
the reinforcement in a slab were proportioned for the moments obtained by 
means of the procedure of analysis recommended, two problems remained yet 
to be considered in both methods: the distribution of reinforcement across 
the critical sections and the amount of negative moment reinforcement to 
be provided at disconti$ous edges to take into account the restraint 
offered by the torsional stiffness of the edge beams in the case of mono-
lithic construction. 
In both methods, the recommended distribution of reinforcement 
across a section was based on the distribution of moments obtained by exact 
analyses for certain particular cases, and on conSideration of the averag-
ing effect of the redistribution of moments occurring after local yielding 
is initiated at the section considered. 
Since the sharp decrease in value of the moments across a section 
occurring at the edges of that section is due mainly to the very large 
increase in relative stiffness in the direction parallel to, the section 
considered '\Vi th respect to that in the direction perpendicular to it as the 
supports are approached, the width of slab in which a certain reduction of 
reinforcement can safely be made depends essentially on the dimensions of 
the short spano This is recognized by both Method 1 and Marcus, who 
recommended a reduction in the amount of reinforcement in strips parallel 
to the supporting beams having a width e~ual to one-fourth the short span. 
In the MET method, following probably the provisions of ACI Method 2, the 
reduction of reinforcement is allowed for the entire width of the column 
strips 0 However, this does not imply any significant discrepancy in design, 
since for most panels the difference between these two widths is not importanto 
However, the methods do differ in the amount of reduction allowed 
and when these reductions may be applied. Di Stasio and Van Buren recom-
mended a reduction of only 25 per cent~ while Marcus suggested a reduction 
of 50 per cent; and the MET method prescribes 33 p¢r cento The reduction 
recommended in Method I seems to be very conservative; it was based on con-
sideration of the bending moments developed across the diagonals from the 
corners and of the torsional moments developed at the edges of a panel, as 
described in Section 8.2090 Marcus~s reduction may be excessive, but is 
entirely justified from the diagram~ of elastic moments obtained from 
exact analysis, particularly if no beam deflections are considered. The 
value recommended in the MET represents, presumablYJ a satisfactory reductiono 
While both Marcus and the r~T method allow the reduction in 
reinforcement to be made for both positive and negative moments at all strips 
adjacent to the supporting beams, Method I limits the reduction to the posi-
ti ve moment reinforcement extending adjacent to a continuous edge. No 
reduction in negative reinforcement is allowed because it was considered 
that additional reinforcement was re~uired at the corners of each panel to 
resist the bending moments developed in the direction of the diagonal, and 
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that this requirement would offset the reduction of reinforcement allowed 
by the decrease in moment values at the edges of the section. The exist-
ence of critical bending moments at the corners of a panel was evident from 
consideration of the corner reactions developed in simply supported plates. 
But, in the case of continuous plates, these reacti.ons are developed only at 
the ~xterior corners of the plate, that is, at the inte~sections of two 
discontinuous edges. Therefore, the requirement of full negative reinforce-
ment across the entire length of all interior supports is undoubtedly exces-
sive, and could be limited to the exterior corners of a structure only, 
where the corner reactions may occur. This requirement, however, compensates 
somewhat for the extremely low values given in this method for the negative 
moments. Thus, the total negative moment across a panel section does not 
differ from the corresponding total moments given by other methods as much 
as the maximum mo~nt per unit width differs from its corresponding values 
in other methods. This may be observed by comparing the relative position of 
the curve representing Method 1 with respect to the curves representing other 
deSign_methods in Figs. l3-i7 and 8-12, respectively. 
The existence of positive moments across the diagonals in a 
simply supported panel was the reason given by Di Stasio and Van Buren for 
limiting the reductio~ in positive moment reinforcement to 25 per cent. In 
view of the argument presented above, it is apparent that a larger reduc-
tion could be allowed, of a magnitude "epending mainly on the relative, 
deflections of the supporting beamso 
The phenomenon of redistribution of stresses was taken i~to account 
in both methods by requiring provision for the computed maximum moments over 
a large portion of the width of the panel. It was considered that even if 
the values computed by the approximate methods were smaller than the exact 
maximum values, prOvision for those moments over a signific~t width of the 
panel would offset, because of the effects of redistribution, any defi-
ciency ,:in the amount of reinforcement at the critical point 0 
The provisions regarding the proportioning of negative moment 
reinforcement at discontinuous edges are based in both Method land the 
:MET Method on results of tests and on the observed behavior of slabs in 
actual structures; the elastic analyses on which both methods are based, 
and which assume the slab to be simply supported on rigid beams,provide 
no information on this respect 0 The effect of the torsional stiffness of 
the interior beams is not ~ ordinarily considered in either methodo Although 
the type of, frame analysis utilized in Method I would permit consideration 
of this torsional stiffness in design, this is seldom done in the practical 
application of the method 0 
905v4 Limitations and simplifications 
No limitation exists in the application of the general procedure 
recommended by Di Stasio and Van Buren, used as Method I in the ADI Codeo 
However, to facilitate the ,application of the method in ordinary structures, 
the use of constant values for the ratios g and gl' and of the bending 
moment coefficients prescribed for one-way construction, is recommended 
in the Code to exclude the need of frame analyses to determine the location 
of the points of inflection and the values of the maximum moments 0 And it 
is only for this simplified method that limitations do exist 0 But these 
limitations are on the suitability of the recommended parameters as a 
substitute for the frame analysis in question, and not on the procedure 
itself 0 Thus, the use of the moment coefficients for one~way construction 
in the determination of the design moments in a slab is subject to the same 
rules and limitations as for frames in one-way constructiono 
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Only one limitation is set in the presentation of the MET method. 
It concerns the ratio of sides for which a panel may be considered as carry-
ing the load in two perpendicular directions. This is essentially a practi-
cal limitation, since in most cases the re~uirement of a minimum amount of 
reinforcement in the longitudinal direction to maintain plate action would 
be more exacting than that resulting from the moments ~omputed based o~ 
the distributed loads. No .limi tation was imposed on the ratio of lengths 
of consecutive spans, although the method used to compute the moments in 
continuous slabs presumes that no significant difference exists. This fact 
is recognized, for instance, in the rec9ffimendations of design presented in 
the Beton-Kalend~r(lO) wh~re a practi.cal limitation is imposed on the appli-
cation of' the Marcus method: adjacent panels must not differ in length by 
more than 20 per cent of the longest span. For larger differences, the 
assumption made regarding the close approximation between the moments at 
continuous edges due to uniform load qn.all panels and the corresponding 
moments at a truly fixed edge can no longer be justified. Furthermore, 
for the antisymmetric loading utilized in determining the effects of live 
load, the moments at the supports are not zero. Thus, the use of the moments 
obtained for. a similar panel simply supported at all edges to represent this 
loading condition is incorrect. When the limit presented above is exceeded, 
the Beton-Kalender recommends the use of frame analyses, in both panel 
directions, to determine the maximum moments due to the most unfavorable 
condi tions of loading. In thes,e analyses, the load is distributed in 
accordance with the condition of equal deflections for the two strips inter-
secting at midspan, and the resulting moments are then corrected by the 
torsion factors ~A or ~ presented in Table 370 
906 Methods of Design 
As indicated previously, the discussion of the methods of design 
will be centered mainly on the .~elative ability of the two methods to take 
into account the effects of the different variables in a two-way slab. 
Both ACI Method 2 and the Newmark-Siess procedure are based on 
approximate elastic analyses of continuous plates supported on rigid beams 0 
Both take into account also that a two-way reinforced concrete slab is a 
structure somewhat different j and far more complex" than an elastic plate" 
and that its properties and characteristics cannot be represented accurately 
.by those of the elastic plates analyzed 0 Therefore, both methods modify 
the results obtained from the basic elastic analyses to approximate more 
closely the actual conditions in an ordinary reinforced concrete slab. 
Consequently" the differences in the moment values prescribed by 
the two methods considered in this group arise from two different sources: 
(1) In the computation of the elastic moments in a continuous 
l?late 0 
(2) In the modifications made to the computed elastic moments 
to approximate more closely the conditions in an actual slab structure 0 
The differences arising from these two sources will be discussed 
separately in the following sections. 
90601 APprOximate analyses of continuous elastic plates 
Detailed descriptions of the elastic analyses made by Westergaard" 
which constitute the basis of ACI Method 2y and by Siess and Newmark have 
been presented in Sections 80303 through 80305, and 80504 through 8.5.7, 
respectively. 
These descriptions show the limited nature of Westergaardis 
analysis in comparison with the general approach of the method utilized 
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by Newmark and Siess. While the latter may be used for structures with any 
arrangement of panels and any pattern of loading, the procedure used by 
Westergaard is strictly valid only for plates composed exclusively of equal 
panels, subjected to either uniform load or checkerboard loading. 
Actually, Westergaard's intention was not to present a method of 
analysis to determine the moments developed in continuous plates with 
different conditions of geometry or loading, but rather to derive moment 
coefficients corresponding to extreme conditions, on which a safe method 
of design could be based. Thus, he limited the stage of an~ysis to the 
determination of the moments· developed in structures with two extreme condi-
ti ons of rectangularity: square panels J and one -way -slab so 
The analyses of p~ates composed of square panels only are based 
on results of ·'exact" analyses of plates with different number of panels, 
all uniformly loaded. The positive moments derived for checkerboard loading 
are exact, since they result from application of the principle of super-
position. Similarly, the negative moments derived using the "double-panel" 
checkerboard loading are also exact, for the type of loading considered in 
their derivation. However, an approximation is made in assuming these 
moments to be the maximum negative values for the section considered, while 
in reality these would correspond to a pattern of loading slightly different 
from the "double-panel" checkerboard .. 
For a structure composed of one-way slabs, Westergaard used directly 
the coefficients prescribed at the time for continuous beams with more than 
two equal spans: 1/12 for both positive and negative moments at interior 
spans, and 1/10 for positive moment at end spans and negative moment over 
first interior supports. These coefficients correspond apprOximately to 
the follOwing loading conditions: for positive moments, load applied on alter-
nate spans only; for negative moments, uniform load distributed on all panels. 
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It may be observed that the effect of the torsional stiffness of 
the supporting beams was not considered in this analysis, since the moments 
on which it is based are all for plates simply supported on rigid beams 0 
On the other hand, the moment distribution type of analysis used 
by Newmark and Siess is of a general nature., Based on the recommended 
values for fixed-end moments, stiffnesses and carry-over factors, analyses 
can be made of two-way slab structures with any conditions of geometry and 
loading., The torsional stiffness of the supporting beams can also be taken 
into consideration 0 However, the method is approximate in all cases, due 
to the approximations involved in the recommended stiffnesses and carry-over 
factors., 
It may be concluded that the analyses performed by Westergaard 
were used only to establish limiting values and general trends of variation 
for the moments developed in continuous plates, and that a detailed study of 
the effects of the different variables on the elastic moments in a plate is 
outside the scope of this procedure$ In contrast, the procedure utilized by 
Newmark and Siess penni ts the evaluation of these effects with sufficient 
accuracy, as will be shown in the discussions in Section 9.,6040 
90602 Differences between reinforced concrete slabs and elastic plates 
Before a comparison is made of the different modes in which the 
two methods have modified the resul t.s of the elastic analyses to approximate 
more closely the conditions in the actual structure, it is convenient to 
point out which are the most important differences between two-way slabs 
and the elastic plates considered in the analyseso These differences can 
be classified into three groups as those 
(a) due to the properties of the material, 
(b) due to the properties of the structure, 
(c) due to the combined properties of material and structure. 
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(a) Differences due to the prgperties of the material 
As indicated in Section 402, the analyses based on the ordinary 
theory of flexure of plates presume the structure to be made of a perfectly 
elastic, homogeneous, isotropic material, whose mechanical properties can 
be defined by means of two parameters: the modulus of elasticity E, and 
Poisson's ratio~. However, a two-way reinforced concrete slab is made of 
a material which is: 
1) Non-homogeneous, resulting in a non-uniform distribution of the 
properties of the material throughout the mass of the structure, 
2) Inelastic, since stresses are proportional to deformations 
only at low levels of loading. At higher loads} the material behaves 
inelastically- Therefore, no single values of E and ~ apply throughout the 
entire range of loading. 
3) Anisotropic, as a result of the different percentages of 
steel reinforcement provided in the two directions of a slab. Furthermore, 
reinforced concrete structures have different mechanical properties in 
tension and compression. 
4) Time-dependent; that is, the state of stress and deformation 
in the structure varies with time due to creep and shrinkage. 
In 9-eali"ng vlith reinforced concrete structures, the problem arises 
of how to select the proper values of the parameters E and ~ to be used in 
an elastic analysis. That is, what criterion should be used to select 
from the varying.values of these parameters those that will represent the 
mechanical characteristics of the actual structure in the most accurate 
"lay when used in an e.lastic analysis. 
(b) Differences due to the properties of the structure 
The elastic analyses on which these two methods are based deal 
exclusively with plates continuous over rigid supports. Furthermore, in the 
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case of WestergaardBs analyses, the plates are also assumed to be simply sup-
ported at all edges 0 
However~ two-way slabs are not ordinarily supported on rigid 
beams as assumed in the analyses, but on elastic beams with a certain 
degree of flexibilityo Thus, as a result of the deflections of the sup-
porting beams, loads and moments are transferred from the beams to the slab 
panels 0 
Regarding the conditions of restraint at the supports of a slab, 
it should be noted that two-way slabs are fre'luently built monolithically 
with their supporting beams, and thus are restrained at each panel edge to 
a degree that depends on the relative torsional stiffness of the beam with 
respect to the stiffness of the slab. Therefore~ a certain. restraint against 
rotation will always occur in these structures J even at those edges usually 
considered as "discontinuous", and conse'luently negative moments are developed 
there 0 Besides, the beams at interior sUPP9rts carry in torsion part of the 
unbalanced moments developed as a result of different conditions of loading 
or geometry in two adjacent panelso Thus, the existence of negative moments 
at discontinuous edges and the participation of the beams in carrying the 
unbalanced moments at interior supports must be taken into consideration 
when the elastic values obtained from analyses of plates simply supported 
at all edges are used as a basis of design for reinforced concrete slabs. 
(c) Differences due to the combined prgperties of material and structure 
A verJ important characteristic of a reinforced concrete slab, 
ariSing from the combination of' the inelastic properties of the materi~ 
with the mechanical properties of the structure itself, is that of redistri-
bution of stresses under increasing loads, which has been described in detail 
in Section 803040 This phenomenon cannot be considered directly in an 
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elastic analy&is, and this fact is one of the major reasons why the results 
of elastic analyses must be modified before they are applied to the design 
of reinforced concrete slabs. 
9.603 Classification of variables affecting the moments in slab panels 
In general, the main variables affecting the moments in a two-way 
slab may be classified into three groups, as follows: 
1) Those due to the geometric properties of the structure" These 
include the ratio of Sides, the relative location of the p&~el in the struc-
ture, and the size and shape of adjacent panels. 
2) Those due to loading conditions. This group includes the load-
ing patterns considered in the evaluation of maximum moments and the assumed 
ratios between live .and dead loads. 
3) Those due to the mechanical properties of the slab structure" 
Here are considered the flexibility of the supporting beams, the ratio 
between the torsional stiffness of the beams and the flexural stiffness of 
the slab, and the redistribution of stresses. 
Since the effects of the different variables are closely inter-
r~lated, it is impossible to isolate completely the individual effects of 
each variable mentioned above, or to indicate exactly to what extent each 
of them affects the resulting moments. Therefore, no quantitative compari-
sons can be made of these effectso However, the qualitative comparisons 
made in the follOwing sections give a reasonable estimate of the relative 
importance that each method gives to the significant variables, and of 
the extent to which the effects of these variables have been determined. 
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9.6.4 Variables due to the geometric properties of the structure 
(a) Ratio of sides 
In both methods the ratio of sides is the major variable in the 
determination of the coefficients of designj and in both its effect was 
analyzed by considering the two extreme conditions of rectangularity~ 
s~uare panels and one-way slabso 
No additional analyses were made by westergaard for slabs COill-
posed of panels with other ratios of sides. Therefore, for intermediate 
cases of rectangularity, he proposed values that follow approximately the 
trends shown in the curves of moment vSo ratio of sides presented in 
Reference 9 for Single panel plates with different conditions of restraint. 
In the preliminary studies made by the Jount COmmittee*, moment 
coefficients slightly larger than Westergaard~s were suggested for panels 
with different conditions of continuity, but they were limited to panels 
with ratios of sides equal to or larger than 0060 In the final presentation 
of the Report(25) it was decided to extend these recommendations to include 
slabs with ratio of sides equal to 005 J fixing, however, this ratio as the 
limit of rectangularity beyond which all slabs should be considered as 
one-way slabso Thus, the coefficients recommended for this ratio of sides 
were those used in one-way construction, which are appreciably higher than 
the corresponding values proposed by westergaard, This is the reason for 
the discontinuities observed in the coefficients presented by Method 2 at 
m = 006, and in the corresponding curves of slab moments in Figs. 1-180 
No justification was presented by Westergaard for his formulas 
for moments in the long direction of a panelo These formulas yield values 
*Information on these studies was obtained from private communications among 
-members of Committee 5 on Design, found in the files of Professor F. E. 
Richart at the University of Illinoiso 
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that vary linearly between those corresponding to square panels, for 
m = 1, and values equal one-half these, for m = 0 (one-way slabs). On 
the basis of the observed trends in the moments for single panel plates 
presented in References 9 and 10, it appears that the proposed values are 
too small in many cases. In fact, in, several cases, and for negative 
moments more often than for positive moments, the elastic moments in the 
long span direction, expressed in terms of the short span length, increase 
for decreasing values of m. Based probably on these observations, constant 
coefficients, equal to those proposed for square panels, were recommended 
in the Joint Committee Report and later also in ACI Method 2 for the moments 
in the long span direction of panels with any value of ~o 
The coefficients proposed by Newmark and Siess were also based 
on studies of the two limiting cases: square panels and one-way slabs. 
However, additional analyses were made for slabs with two other ratios of 
sides: 0.8 and 0.5. Thus, the trend of variation of the moment coefficients 
for different values of m was established more accurately in this study. This 
is particularly evident when considering the variation in the coefficients 
recommended for moments in the long span direction.. For positive moments, 
they are held constant throughout the entire range of ~; for negative 
moments, the proposed coefficients increase for decreasing values of m in 
the range 1.0 to 0.5, and are maintained constant from m = 005 to m = O. 
This trend is more in line with that observed for the elastic moments in 
single panel plates, as indicated previously 0 
It may be concluded that the studies made by Newmark and Siess 
allowed a more precise determination of the effect of the ratio of sides on 
the moments developed in two-way slabs, than those made by Westergaard, on 
which Method 2 is based. 
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(b) Relative location of the panel in the structure 
Since the influence in design of the relative location of a panel 
in a structure arises from the presence of discontinuous edges, its effect 
is closely related to those of two other variables~ the torsional stiffness 
of the supporting beams, and the type of loading considered. 
It has been shown that the lack, or decrease, of restraint at an 
edge or edges of a panel tends to increase the values of the moments at 
all other sections.. Furthermore, it may be said that, in general, the 
larger the torsional stiffness of the supporting beams, the smaller the 
increase in moments will be when going from an interior to a corner panel. 
Also, the increase in moments will be least for cheCkerboard loading, and 
greatest for uniform load throughout the structure 0 The first assertion 
is obvious: the larger the torsional stiffness of the edge beams, the more 
the structure approaches the conditions of continuous edges, and the less 
the moments at panels with discontinuous edges differ from those in an 
interior panelo The second statement is evident considering that for 
checkerboard loading the restraint offered by adjacent panels at continuous 
edges is a minimum, while for uniform loading each continuous edge becomes 
practically a fixed edge. Therefore, the lack of restraint associated 
with a discontinuous edge is less important when dealing with checker-
board loading than it is with uniform loading .. 
Thus, the effect of the location of the panel is dependent, to 
a very large extent, on the type of construction 0 If the slab is built 
monolithically with its supporting b~ams (Case A in the Newmark-Siess 
method) the effect of this variable is relatively small, and a single set 
of moment coefficients may be recommended for all conditions of continuity. 
But if the slab is not monolithic with its supporting beams (Case B in the 
Newmark-Siess proposal), appreciable variations do exist in the values of 
the moments corresponding to different conditions of continuity and thus 
a different set of coefficients must be used for each different panel 
condi tion.. This di stinction is made in the Newmark-Siess method, but not 
in Method 2, where the coefficients prescribed are to be used for slabs 
with any type of construction. It will be shown later that serious incon-
sistencies result when this method is used to design edge panels that are 
truly discontinuous at the edges. 
It has been mentioned that Method 2 distinguishes five different 
panel cases, based exclusively on the number o~ discontinuous edges. Thus, 
the relative position of the discontinuous edges in the panel is not taken 
into consideration. This is an oversimplification of the results obtained 
by Westergaard, since in his formula$ the relative position of the discon-
tinuous edge or edges does affect the recommended values. Although this 
simplification is generally on the conservative side, it results in moment 
coefficients lower than those recommended by Westergaard in the case of 
negative moments in the short span direction of edge panels with a long 
edge discontinuous (particularly for panels with ratio of sides lower 
than 0.8).. It should be observed, however, that for slabs built mono-
lithically with their supporting beams, (which were the only type of slabs 
considered by the Joint Committee) the differences between the negative 
moments in edge panels wi tha long or a short discontinuous edge will be 
much smaller than those obtained in Westergaard's analyses, owing to the 
appreciable restraint caused by the torsional stiffness of the edge beams .. 
Therefore, the inaccuracy indicated above may be ne_glected for slabs of this 
type, but it may be significant when dealing with slabs that are truly 
simply supported at discontinuous edges. 
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The Newmark-Siess method does recognize the relative position of 
the discontinuous edge in edge panels of .slabs under Case Bo However, since 
the method is recommended for slabs continuous for at least two panels in 
each direction, only four different panel cases were considered, and only in 
the case of edge panels is the relative position of the discontinuous edge 
significant 0 This limitation in the applicability of the method to struc-
tures at least two-panels wide is just a practic.al one 0 . The authors con-
sidered that the cases of an isolated pan~l, a two-panel slab, or a single 
row of panels, are of such a particular nature that they need not be covered 
by general specifications intended to govern the design of ordinary two-way 
slab structures 0 
(c) Size and shape of adjacent panels 
The ef~ects of adjacent panels of different sizes and shapes on 
the moments in a panel are estimated in both methods by means of the proce-
dvre adopted by the Joint Committee of 1940, which has been described already 
in S~ction 803060 This procedure is essentially one of moment distribution, 
where in the first stage the continuous edges of each panel are assumed to be 
fixed and the corresponding ITfixed-edge ft moments are obtainedo In the second 
stage, the artificial restraints at the supports are released, and the 
unbalanced moments are distributed in proportion to the relative stiffnesses 
of the concurring elementso But all carry-over factors are assumed to be 
zero in this simplified moment distribution~ 
This procedure fits conveniently into the provisions of the 
Newmark-Siess method, which is in itself based on a moment distribution 
procedure. The 'use of a single cycle of distribution, with carry-over 
factors equal to zero in all directions, can be justified by observation 
of the values of these carry-over factors determined by Newmark and Siess 
for panels with ratio of sides in the range 0.5 to 1.0. The carry~over 
factors in this interval are all equal to, or less than, 0.3. Since the 
stiffnesses of adjacent panels are in most cases very nearly equal, in 
spite of relatively large variations in sp~ length, in the most unfavorable 
case (slab supported on steel beams), the maximum value of a carry-over 
momen~ would be only about one-sixth of the unbalanced moment.. In the 
more frequent case of slabs built monolithically wi~h their supports, the 
maximum. value of this carry-over moment would be only one-ninth of the 
unbalanced moment. Therefore, no signific_~t error is introduced by 
neglecting these carry-over moments, particularly if the apprqJd.mate nature 
of the moment distribution procedure itself is taken into consideration. 
The accuracy of this procedure was checked by Siess and Newmark 
as indicated in Section 8.5.7. It was found to be very reliable, in spite 
of differences in span length of adjacent panels of up to 25 per cent. 
Based on the comparisons made in that study, t~e variation in span length 
of adjacent panels was limited to 50 per cent of the shorter span. It was 
estimated that for larger differences this procedure would not be suffi-
ciently accurate, and the slab should then by analyzed USing t~e moment 
distribution procedure suggested by Newmark and Siess as a general method. 
In contrast to this, no limitation was set in Method 2 regarding 
the variation in span length of adjacent panels.. This is probably just a 
consequence of the insufficient amount of informati9n on this respect that 
was available to the Committee at the time of their Report. Since no practi-
cal method of analysis for slabs with any combination of panels was avail-
able, no close estimate could be made of the accuracy of the prqposed 
method, and thus, no limits were set to its application. 
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It may be observed that for the positive design moments no adjust-
ments are re~uired in either method to take into account the conditions of 
adjacent panels, since the effect on these moments of loading on panels 
located at more than a panel distance from the section in ~uestion is gener-
ally very small.. Thus, the condition of loading only the panel considered 
is sufficiently accurate for practical purposeso 
Therefore, in both methods the dimensions of adjacent panels are 
important only in determining the negative moments at the common edges . 
. The shape of these adjacent panels is taken into account indirectly in the 
coefficients used to determine the negative moments at the cammon edges. 
These, in turn, determine the magnitude of the unbalanced moments and, there-
fore, of the corrections to be made in the original momentso 
90605 Variables due to loading conditions 
It has been mentioned previously that the four methods considered 
deal exclusively with slabs subjected to uniformly distributed loads. These 
uniform loads need not be applied Simultaneously over the entire structure, 
but only those cases where each panel is loaded or unloaded over its whole 
area are considered in these analyseso 
For the type of slab structure normally considered, the dead load 
can be determined as accurately as neededo In most cases it is uniformly 
distributed, or very nearly so, throughout the structure 0 However, the case 
of different intensi·ties of dead load in different panels may be treated 
as readily with any of the methods considered hereo 
On the other hand, the intensity and distribution of live load are 
usually not known as wello For certain types of buildings, warehouses for 
instance, the maximum. intensity and probabl.e distribution of loading may be 
determined with sufficient accuracy for practical purposeso However, for 
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most buildings, th~ actual value of this load and its exact distribution 
are not known beforehand. Besides, even if enough information on this 
r~spect were available at the time of design, the distribution and intensity 
of loading in buildings of this type are subject to changes in accordance 
with the needs of the users. Therefore, these buildings are ordinarily 
designed for what is in effect a certain allowance of loading. This pre-
sents the problem of determining those patterns of loading that will pro-
duce maximum stresses at the critical sections due to this loading allowance. 
A second problem concerning the conditions of loading involves the 
relative values of live and dead loadso Since the loading pattern that wil~ 
produce the maximum live load moment at a critical section does not agree 
with the pattern representing dead load, different coefficients would result 
for the moments at the same critical section due to these two types of 
loading. However, to simplify the design, both methods discussed in this 
section present combined moment coefficients, to be used with the value 
of the total load acting on the structure. It becomes necessary then to 
consider how the combined coefficients were obtained in each method, to 
determine the range of the ratio of live to dead load in which the coeffi-
cients apply .. 
~wo points must be examined, therefore, in each method concerr~ng 
the conditions of loading assumed in the analysis: 
(a) The loading patterns for maximum. live load moments. 
(b) The ratio of live to dead load. 
(a) Loading patterns for maximum live load moments 
In general, three types of critical design sections may be con-
sidered in a slab: positive moment sections at or near midspan, negative 
moment sections at discontinuous edges, and negative moment sections at 
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continuous edg~s. Maximum moments are developed in sections of the first 
two type~ when the panel in question is loaded and all other panels are 
either loaded or unloaded in such a way as to produce minimum restraints at 
the continuous edges of the panelo This is accomplished by loading the slab 
in a "checkerboard" pattern 0 For the negative moments at continuous edges, 
maximum values are obtained when the two panels adjacent to the edge in 
question are loaded, and the restraints at tne other edges of these two 
panels are made a minimumo This is obtained also by loading only alternate 
panels in both directionso 
The coefficients given in Method 2 are based on the values proposed 
by Westergaard for the six types of slab structures he consideredo Westergaard 
followed in general the considerations mentioned above in selecting the 
critical loading patterns to determine his design momentso However, due to 
his use of a superposition procedure to determine maximum moments, the load-
ing pattern utilized in the case of negative moments .at continuous edges is 
not exactly a ttmaximumtl loading 0 
The loading patterns considered by Westergaard for interior panels, 
for panels with two opposite edges discontinuous, and for single panels, are 
those that wil~ produce maximum moments at the sections consideredo For 
panels with three edges discontinuous j Westergaard based his coefficients 
on the values derived from analyses of a two-panel structure. Thus, the 
loading patterns considered in thi s case were of the n single panel n type 
of loading, according to the designation used by Siess and Newmark in 
Reference 150 The values proposed by Westergaard for corner panels are 
based on analyses of a four panel structure] and therefore the values 
recommended correspond to a IT single panel n type of loading in the case of 
negative moments at continuous edges J and to a loading intermediate between 
single panel and checkerboard loading for positive moments and for negative 
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moments at discontinuous edges. Finally, the values recommended for edge 
panels are based on analyses of a structure two panels wide with an 
infini te number of panels . Although a complete checkerboard loading 
could not be reproduced in this structure, the patterns used by Westergaard 
should yield results that approximate closely those corresponding to a 
real checkerboard loading. Therefore, it may be concluded that in general 
the loading patterns used by Westergaard are essent~ally of the type of 
tf checkerboard'1 loading, although. slight differences do occur in some cases. 
In the development of the design procedure proposed by Newmark 
and Siess, studies were made of the effects of three types of loading: 
"checkerboard", "single panel", and uniform loading. As a conclusion of 
these studies, which have been described in Sections 8.5.5 and 8.5.6, it 
was decided to use "single panel" loadings to represent the effect of live 
loads. This decision was based on two main considerations: first,the 
single panel loading, which involves one or two panels only, yielded in 
most cases moment values that approximated closely those obtained with 
the more cOIIl1?licated I1checkerboard" loading. Second, and most important, 
it was considered that the probability of occurrence of an exact checker-
board loading in an actual structure was very remote, while the single 
panel type of loading would undoubtedly be obtained often in the structure. 
Therefore, the values recommended by Newmark and Siess were based on the 
assumption of single panel loadings to represent live load. 
(b) Live load-dead load ratio 
The coefficients proposed by Westergaard in Reference 5, used in 
conjunction with the total panel load acting on the structure, were intended 
to yield directly design moments for the critical sections. No specific 
distinction was made in their derivation between dead and live loads, and 
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only those patterns of loading that yield maximum moments at the sections 
in question were taken into consideration 0 Thus, these coefficients 
correspond theoretically to a live load-dead load ratio equal to infinity. 
That is, the total load in the structure is considered to act as live load 
and therefore each panel is assumed to be either loaded with the total 
intensity of load expected in the structure or entirely unloaded. 
In the analyses made by Newmark and Siess, the moments produced 
by dead and live loads were computed separately, using a uniform load 
throughout the structure to determine the moments due to dead load, and 
appropriate it single panel l1 loadings for each particular design section to 
evaluate those due to live loado Therefore, it was possible to determine 
combined coefficients for different ratios of live and dead loads, and to 
observe the variations in these coefficients for the different ratios 
selectedo From these studies, which have been described in Section 8.5.9, 
it was concluded that the use of the coefficients corresponding to· a LL/DL 
ratio equal to 3 gave satisfactory results in most cases, for structures 
withLL/DL ratios between 1 and 60 It was pointed out also that since the 
ratios between the moments due to uniform load and those obtained under 
the appropriate tt single panel II loading vari ed between 0.72 and 0 .. 94, rela-
tively small differences in the values of the combined moment coefficients 
were obtained for large variations in the LL/DL ratio. 
The discussions presented in this article up to this point have 
dealt· exclusively with the values recommended by westergaard and by Newmark 
and Siesso However, since the values presented in Method 2 are based on the 
results of Westergaard's analyses, and since in most cases they are larger 
than those proposed by him, it follows that the conclusions presented next 
are as valid for ACI Method 2 as they are for Westergaard's procedure. 
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Based on loading conditions alone, it may be concluded that the 
coefficients prescribed by Method 2 are, in general, more conservative 
than those recommended by Newmark and Siess. Not only the patterns of load-
ing chosen by Westergaard lead in all cases to higher moment values than 
those selected by Newmark and Siess, but, furthermore, the entire panel 
Ipad was assumed by Westergaard to be applied in accordance with these 
patte~ns, while Newmark and Siess considered always the dead load to be 
uniformly distributed throughout the structure. This second procedure 
is more in line with the actual conditions in a slab structureo However, 
as indicated by the relatively narrow range of variation in the moments 
at a section due to uniform and single panel loadings, the differences in 
the coefficients corresponding to these variations alone would not be very 
great. 
9.6?6 Variables due to the mechanical properties of the structure 
(a) Flexural stiffness of supporting beams 
It has been mentioned that the plate analyses on which these two 
methods are based assume infinite~y rigid supports, a condition that is 
not met in practice. However, both methods take into consideration, 
although not to the same extent, the deflections of the supporting beams 
when modifying the values obtained from the elastic analyses to obtain a 
set of design coefficients. 
In the proposal of his design coefficients (5), Westergaard 
indicated that they had "been obtained under the assumption that the deflec-
tions of the girders [were] small compare~ with the deflections· of the 
central portions of the loaded panels fl • This seems to indicate that no 
changes were made in the coefficients for the middle strips as a result of 
the deflections. of the supporting beams, since these deflections were assumed 
-205-
to be small in comparison with the deflections of the panels. However, 
Westergaard increased the values of the moments at the column strips over 
those computed by elastic analysis to take into account the effect of beam 
deflections 0 This may be concluded from the paragraph following that pre-
sented above ~ ttlf the girders are slightly less rigid than they should be 
according to this assumption, the effect [would be] mainly an increase in 
the stresses in the side strips, and the coefficients, probably, need not 
be changed" ( 5 ) . 
In modifying the coefficients proposed by Westergaard, the Joint 
Committee increased their value in most cases, although only by small 
amounts, except for panels with three discontinuous edges, where the 
increases were larger. Since no record exists of the discussions in the 
Joint Committee concerning the reasons for the changes made in the coeffi-
cients proposed by Westergaard, it is difficult to know whether the effect 
of the deflections of the supporting beams was taken into account. However, 
it seems that this was not the caseo For one reason, the negative moment 
coefficients recommended in Method 2 for interior panels agree almost 
exactly with those given by Westergaard. Evidently, in this case at 
least, no increase in moment values was deemed necessary to take into 
account the flexibility of the supporting beamso Therefore, it seems 
logical to assume that no increase due to this factor was made in the 
moments corresponding to any other panel caseo 
A second argument to justify this conclusion is obtained by com-
parison of the ratios between column strip and middle strip moments recom-
mended by Westergaard and by the Joint Committee. While the Joint Committee 
specified a constant value for this ratio e~ual to 0067, the coefficients 
proposed by Westergaard yield ratios that vary fram 0065 to 0.88. Taking 
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into account Westergaard's recommendation regarding the increase in moments 
at the column strips due to increased beam deflections, it is reasonable 
to assume that if the Joint Committee had intended to take into account a 
larger effect of beam deflections they would have chosen a value for this 
ratio closer to the upper limit (7/8) proposed by Westergaard, instead of 
their recommended value (2/3). Therefore, it seems that the increase in 
moment coefficients made by the Joint Committee was based on reasons other 
than to consider larger effects of beam deflections than those assumed by 
Westergaard. 
The procedure followed by Siess and Newmark to determine the 
effects of beam deflections on the moments developed in a slab has been 
described briefly in Section 8.5.8. As indicated there, analyses were made 
of two equal-panel structures, with ratio of sides equal to 0.5 and 1.0, 
respectively, for both dead and live loads, based on two extreme conditions: 
infinitely stiff beams and beams with zero stiffness. These analyses estab-
lished the limiting slab moments for the entire range of beam stiffnesses. 
Then, a probable minimum value for the ratio of beam stiffness to slab panel 
stiffness was selected from studies of tY})ical slab designs, and the portion 
of the total moment change corresponding to this minimum ratio was deter-
mined for each critical section. This was based on a relationship between 
slab moments and relative beam stiffnesses obtained from the studies pre-
sented by Jensen in Reference 12. That is, the portion of the total increase 
in slab moment corresponding to the minimum relative beam stiffness selected 
was obtained, for the critical sections of each panel case, assuming the 
variation between the two extreme values obtained previously to be equal in 
shape to that determined from Jensen1s results. 
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As a check on the reliability of this procedure to determine the 
percentages of increase in slab moments due to beam deflections, a study 
was made by the writer based on the results of analyses of continuous 
slabs presented in Reference 16, which have been described in Section 4.4.20 
In this reference, the moments in uniformly loaded interior panels sup-
ported on elastic beams at all edges were computed for different relative 
beam stiffnesses. Based on these values it is possible to compute 
directly the increase in slab moments due to beam deflections~ for interior 
panels subjected to either uniform load or checkerboard loading. 
For square panels, assuming LL/DL = 3, and considering all the 
supporting beams to have a relative stiffness value equal to four (which 
is the minimum value for this ratio in ordinary structures, according to 
t;he studies made by Siess and Newmark), the increase in moment values over 
those corresponding to a plate supported on rigid beams was equal to 
15 ver cent in the case of negative moments, and 19 per cent for positive 
moments 0 The equivalent values for this particular case as computed by 
Siess and Newmark were 12 and 21 per cent, respectively. For moments in 
the short span direction of panels with ratio of sides equal to 005, 
assuming a relative beam stiffness equal to four in the short span direc-
tion and equal to infinity in the long span direction, the increases in 
moments found were of 6 and 5 per cent, for negative and positive moments 
respectively. These values agree closely with those obtained by Siess and 
Newmark for the same panel condition~ 5 and 7 per cent, respectively_ 
ijowever, if, in order to simulate more closely the conditions in actual 
slab construction, the relative stiffness ratio of the beams in the longi-
tudinal direction is decreased to a finite value (say 10 for instance), both 
positive and negative panel moments in the short span direction become lower 
than the corresponding values for infinitely rigid beams~ Thus, a decrease 
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of 4 per cent is obtained in the negative moments, and of 2 per cent in 
the positive moments. (The moments corresponding to this condition, where 
Sa equals 4 and ~ equals 10, were computed using the empirical formula 
presented in Section 4.4.2, and the ratio of negative beam moments to total 
beam moments presented in Fig. 11 of Reference 17). It should be mentioned 
that for the individual loading conditions, that is, for separate dead or 
live loads, the agreement between the values based on Reference 16 and 
those determined by Siess and Newmark was not as good as that shown here 
for the combined loading. 
The increase of moments in the long span direction of panels with 
ratio of sides equal to 0.5 was not considered, since the values given in 
Reference 16 correspond to moments at the middle point in the span, which 
are not necessarily the maximum values. Although the percentages of increase 
are quite large in this case, they are not very significant since they are 
based on very low moment values. Besides, the coefficients recommended by 
Siess and Newmark for moments in the long span direction are in all cases 
equal to or higher than those corresponding to square panels. This provision 
makes unnecessary a detailed consideration of the increase in the moments 
in this direction due to beam deflections. 
(b) Torsional stiffness of supporting beams 
In discussing the effect of the torsional resistance of the sup-
porting beams on the moments developed in a slab it is convenient to make 
the distinction made by Newmark and Siess regarding the type of construction. 
Obviously, only for slabs belonging to Case A has the torsional stiffness 
of the supporting beams any effect on the moments developed in the slab. 
However, of the four methods conSidered, only that proposed by Newmark and 
Siess makes specifically this distinction. 
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It has been mentioned that the moment coefficients recommended 
by Westergaard were based on studies of continuous plates simply supported 
at all edgeso Thus, the beams were assumed to offer no torsional resis-
tance, and conse~uently the moments at discontinuous edges were taken equal 
to zero 0 But the Joint Comilli ttee, based on e:x;perimental data that showed 
clearly the restraining effect of edge beams at discontin~ous edges of a 
slab, included in their recommendations coefficients to evaluate the nega-
tive moments developed at these discontinuous edgeso 
From the results of tests on brass plates and reinforced concrete 
slabs reported in Reference 28, Lyse and Langmus concluded that the restraint 
provided in their tests by the torsional resistance of the supporting beams 
was large enough to produce practically full fixity at the edges. Thus, 
they recommended the use in design of the formulas presented by Westergaard 
in Reference 90 Based on these results, and ~ossibly on additional empirical 
inf_ormation, the Joint ComIni ttee indicated in its report that "when two-way 
slabs are cast monolithically with the supporting beams, the distribution 
and the numerical values for bending moments in slabs with one or more dis-
continuous edges do not diffe~ widely from those of interior panels" (25) 0 
However, due to the limited nature of the tests mentioned above, the Joint 
Committee did not make use of these results and proposed a set of moment 
coefficients for each different case of continuity, following basically the 
values proposed by Westergaard in Reference 5 and including an additional 
provision regarding the negative moments developed at discontinuous edges. 
It is interesting to note that in the first draft of the Joint 
Committee report, a value of 3/4 was suggested for the ratio of the negative 
moment at a discontinuous edge to that at a continuous edge, and that in 
subse~uent revisions this value was decreased, first to 2/3, and finally 
to 1/2, which is the ratio proposed in the Final Report and used in ACI 
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Method 2. In the wri tert s opinion, the high value proposed initially for 
this ratio was based on the results of the tests mentioned above. But 
further studies on this subject seemed to indicate that the results obtained 
by Lyse and Langmus were dependent to a very large extent on the relative 
proportions of the models tested (that is, on the ratios of slab thickness 
to span length, and beam depth to slab thickness), and that for two-way 
slabs in actual construction the effects of the torsional resistance of 
the edge beams would be much smaller than those observed in the tests. 
Therefore, the ratio of negative moments at discontinuous edges to those 
at continuous edges was decreased to one-half. 
The provision in Method 2 regarding the distribution of only 
two-thirds of the unbalanced moment at a continuous edge was intended to 
take into account the torsional resistance of the supporting beams, which 
the Joint Committee considered in all cases to be monolithic with the slab 
panels. It was assumed that the restraint provided by the supporting beams 
could be considered equivalent to the average of the restraints offered by 
the adjacent panels. This assumption had its origin in a similar recommenda-
tion made by the Joint Committee to take into account the effect of the 
torsional resistance of a girder on the moments developed in continuous 
beams framing into it. 
In extending the scope of the procedure to include slabs which 
are not monolithic with their supporting beams, the ACI Code failed to 
correct this provision to specify that in this case the total unbalanced 
moment should be distributed between the adjacent panels, since no restraint 
against rotation is offered by the supporting beams. 
An additional effect of the torsional resistance of the supporting 
beams was considered by the Joint Committee in recommending coefficients 
for positive moments in panels with one or more discontinuous edges. Since 
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their recommendations were intended for slabs built monolithically with 
their supports, a certain minimum restraint was assumed to occur at all 
discontinuous edgeso Consequently, positive moment coefficients smaller 
than those corresponding to the values proposed by Westergaard on the 
basis of slabs simply supported at discontinuous edges were recommended 
in many caseso Thus, although the general trend of the corrections and 
modifications made by the Joint Committee was to increase the values of 
the coefficients proposed by Westergaard, the positive moment coefficients 
for the short span direction recommended by the Joint Committee are in 
many cases lower than the corresponding values according to Westergaard. 
Therefore, for slabs that are truly simply supported and not 
monolithic with their supporting beams, the values obtained for positive 
moments in the short span direction of panels with two or more.discon-
tinuous edges and with ratio of sides less than 007 are generally too low, 
since no adjustments were made in the coefficients presented in Method 2 
to take into account the lack of all restraints at a truly simply supported 
edge 0 This can be seen considering the case of a panel simply supported 
at the four edges with a ratio of sides less than 0050 The positive 
moment coefficient for the short span direction given by Method 2 is 00083. 
Since the total load in the middle strip acts in this case in the short 
direction, the coefficient should evidently be 001250 Similar resul,ts are 
obtained considering the positive moments corresponding to spans discon-
tinuous at both ends in panels with two or three edges discontinuous 0 
Thus, in extending the range of application of the method to 
include slabs which are not monolithic with their supports, Method 2 in 
effect still considers the beneficial effects of the torsional rigidity of 
the supporting beams on the moments developed in a slab •. This error has 
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led some authors to conclude that the entire procedure is unsafe and grossly 
inaccurate, while in reality it is only forth:se cases, and due to this 
reason, that the values prescribed are evidently erroneous. 
It may be summarized tben that the torsional resistance of the 
supporting beams was considered indirectly, and essentially in only a quali-
tative manner, in the studies that led to the design prOvisions presented 
in Method 2. On the other hand, the moment distribution procedure utilized 
by Siess and Newmark allowed a direct consideration of this factor, and 
thus quantitative studies of its effect were made to suggest design coeffi-
cients for slabs built monolithically with their supports. These studies 
have been described in detail in Sections 8.5.5 and 8.5.6, and only the most 
important points will be summarized here. 
From studies of typical deSigns, the range in ordinary structures 
of the ratio T/K of the torsional stiffness of the supporting beams to the 
flexural stiffness of the slab was established. By analyses of similar 
equal-panel structures with different T/K ratios it was determined that the 
values of the critical moments at all sections in the slab, except those 
at discontinuous edges, decrease for increasing values of T/K. 
Based on these results, a minimum value of T/K was chosen for 
the interior beams to represent the effects of the torsional resistance of 
the supporting beams on the moments developed in a slab. Therefore, the 
coefficients derived on this basis are on the conservative side in most cases. 
Similarly, taking into account that the negative moments developed 
at an exterior edge increase for increasing values of T/K, a maximum value 
for this ratiO, consistent with the upper limit in the range of this ratio 
determined previously, was selected for the beams at exterior edges. 
Analyses made on these bases showed the following results: for the 
case of uniform load throughout the structure, representing the influence of 
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dead load, the effect of T/K on the slab moments in interior panels was not 
too important, since these panels do not tend to rotate much over the interior 
supports 0 However, moments in edge and corner panels, except at discontinuous 
edges, decreased for increasing values of T/K, the general trend being to 
approximate more closely the corresponding moment at interior panels. 
For partial loadings representing live load, the changes in moment 
values corresponding to changes in the T/K ratio were larger than those 
observed for uniform loading and were greater for corner or edge panels 
than for interior panels. Moreover, the moments obtained at the critical 
sections of panels with one or more discontinuous edges apprOximated closely 
those determined for interior panelso 
Therefore, the torsional stiffness of the supporting beams tends 
to equalize the critical moments at similar sections of panels located in 
different relative positions with respect to the edges of the structure. 
As a result of this effect, the combined dead plus live load moment coeffi-
cients derived for int~rior, edge and corner panels were so similar to each 
other that Siess and Nevnnark decided to recommend a single set of moment 
coefficients, depending only on the ratio of sides of the panel considered, 
for all slabs under Case A. 
From the studies made by Siess and Ne'\vmark it may be concluded 
that, in the case of slabs built monolithically with their supporting beams, 
the torsional stiffness of these beams is ordinarily large enough to minimize 
the effect of the relative location in the structure of the panel considered. 
Thus, all panels may then be designed using the same set of moment ' 
coefficients. 
Regardine the magnitude of the negative moments developed at dis-
continuous edges, it was observed that they "could be expressed as a constant 
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fraction of the negative moment over an interior beam" (27). Since the 
range of this ratio from the computed values extended only from 0.615 to 
0.656, the value of two-thirds was selected for design purposes. It may 
be noted that this ratio is higher than that selected by the Joint COmmittee, 
and recommended in Method 20 It should be noted also that the value sug-
gested by Siess and Newmark.was based not on empirical information~ as that 
recommended in Method 2 was, but on analytical studies in which the maximum. 
probable value of relative torsional stiffness for the edge beams was used 
in the computations. Therefore, it is possible that this ratio may be too 
conservative in the general case. 
The provision in the proposed Newmark-Siess method regarding the 
distribution of unbalanced moments over interior beams is the same as that 
recommended by the Joint COmmittee, and thUs may be justified by the same 
arguments presented before. 
(c) Redistribution of stresses 
The phenomenon of redistribution of stresses has been described 
in Section 8.3.4 in the presentation of the procedure followed by Westergaard 
to derive his design coefficients. And the manner in which it was taken 
into account in the procedure proposed by Newmark and Siess has been des-
cribed in Section 8.5.11. 
Both methods take advantage of the beneficial effects of this 
phenomenon in two manners: 
(1) to simplify the requirements on the lateral distribution of 
reinforcement at the critical sections 
(2) to reduce the values of the moments for which the design 
must be made. 
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For practical purposes, both methods substitute in design a step 
diagram for the nearly parabolic elastic moment diagram representing the 
lateral distribution of moments at a critical sectiono Taking into account 
the lateral redistribution of stresses that occurs with increas~ng loads, 
both methods recommend maximum design moments lower than the corresponding 
absolute maximum values: However} these maximum design moments are extended 
through the entire width of the middle strip in each section. Therefore, 
redistribution is taken into account in this case to simplify the lateral 
distribution of moments and to reduce the magnitude of the maximum moment 
values, but the total moments across the sections considered are maintained 
constanta 
A slight difference exists between the two methods regarding the 
lateral distribution of moments. While in Method 2 the moments at the 
column strips are made e~ual to two-thirds those at the middle strips, the 
e~uivalent ratio in the Newmark-Siess method is equal to three-fifths. 
The design moments for the middle and column strips in the Newmark-Siess 
procedure are derived from the recommended average moment value at the 
section considered. It will be shown later that the coefficients proposed 
by Westergaard may be considered also as derived from average moment values. 
The reduction in the values of the maximum moments for which the 
design must be made involves redistribution of moments from negative to 
positive sections, and from the short to the long panel directions. These 
reductions can be justified based on the use of partial loadings to derive 
maximum moments at the critical sections, since the maximum positive and 
negative moments in a panel will not occ~ under the same loading conditions. 
Different reasons are given in the two methods to justify these 
reduced desi.gn moments. Westergaard indicated that his design coefficients 
for slabs composed of s~uare panels only had been obtained based on the 
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results of elastic analyses, modified "by taking into account the redistri-
bution of stresses, by taking into account also the improbability of some 
of the cases of loading [considered], and finally by permitting, generally 
speaking, a reduction of the coefficients to the extent of 28 per cent"(5). 
This seems to indicate that the 28 per cent 'reduction was made in addition 
to the modifications due to redistribution of stresses, and that it was 
based on a similar reduction made by the Joint Commi~tee of 1924 (29) in 
the design coefficients for flat slabs. In that case, the 28 per cent 
reduction was made from the static moment corresponding to the condition 
of uniform load on all panels. 
On the other hand, the 20 per cent reduction made by Newmark and 
Siess in their design coefficients was justified by the use of partial 
loadings to determine maximum moments at the critical sections. The coeffi-
cients recommended provide moments that for all practical purposes are 
equal to or larger than the moments developed in the slab for the case of 
all panels loaded. 
It can be shown.that the reductions in the design coefficients 
made by Westergaard may be justified on the same basis as those made by 
Newmark and Siess. This becomes apparent conSidering the manner in which 
the design coefficients for square panels proposed by Westergaard can be 
derived from the maximum elastic moments shown in Figs. 1 and 2 of 
Reference 5. 
It should be mentioned that although the procedure presented 
next may not be that actually followed by Westergaard, it permits a logical 
derivation of design coefficients that agree closely with his proposed 
values. Therefore, the' conclusions drawn from the method of derivation 
presented will be valid also for the coefficients proposed by Westergaard. 
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From the computed maximum elastic moments at the critical sections, 
total -moments across the positive and negative sections were determined using 
estimated averaging factors ('ifhich were chosen by Westergaard based on the 
conditions of continuity of the panel in ~uestion in the direction perpen-
dicular to that of the moments considered). From these total elastic 
moments across the critical sections, the corresponding panel moment was 
obtained by summation of the positive moment and the average of the negative 
moments at the two edges of the panel in question~ These panel moments 
were then reduced by 28 per cent, baSically, and the resulting values were 
distributed to the positive and negative moment sections by means of the 
same factors used by Westergaard to distribute total beam moments to their 
corresponding positive and negative sections. This yielded the total design 
moments across the critical sectionso The design values for the middle strip 
were obtained next by dividing the total design moments by an averaging 
factor, which depends on the proposed distribution of reinforcemento 
Finally, since formulas of the type 
M = 
(where M represents the design coefficient at a critical section of a rec-
tangular panel with ratio of sides e~ual to m, Ml the corresponding design 
coefficient for one-wayslabs J and k a parameter which depends on MI and on 
the corresponding design coefficient for a square panel), were chosen by 
Westergaard to represent the design moments for rectangular panels with any 
ratio of' sides, the design coefficients for square panels obtained pre-
viously were slightly adjusted to correspond to simple values for the 
parameter k 0 
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The procedure indicated above was applied to the different panel 
cases considered by Westergaard, and the corre~ponding derivations are 
presented in condensed form in Table 42" The parameters used in these 
derivations were those indicated by Westergaard on pages 14 and 15 of 
Reference 5, which have been presented in Section 8.3050 Since the design 
coefficients recommended by Westergaard for the column strips are in most 
cases_ equal to two-thirds those in the middle strip, the ratio of the 
average to the maximum design moment was taken equal to 0.833 in these 
derivations .. 
For edge panels, the panel moment was reduced by 14 per cent only, 
instead of the 28 per cent reduction indicated in general.. This decision 
is in agreement with the provisions included in the Recommendations of the 
Joint Committee of 1924 (29) regarding the design of edge panels in f'lat 
slabs. According to these provisions, the reinforcement in edge panels 
should be increased over that in similar interior panels by 15 per cent 
in the column strips and by 30 per cent in the middle strip. Taking into 
account the relative distribution in flat slabs of the total panel moment 
to column and middle strips, these provisions represent an increase in 
total moment equal to 20 per cent.. Therefore, the total design moment 
in an edge panel must be equal to 102 times the total design moment in an 
interior panel, that is, 86 per cent of' the panel momento 
The computations summarized in Table 42 show that the coeff'icients 
proposed by Westergaard can be considered as being derived directly from the 
maximlliU elastic moments obtained with partial loadings 0 Therefore, the 
reductions made in their values may be justified on the same basis as those 
made by Newmark and Siess. 
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To determine if the use of the coefficients for square panels pro-
posed by Westergaard and by ACI Method 2 results in total moment values 
adequate for the condition of uniform load on all panels in the structure, 
the ratios between the total moments provided across the critical sections 
and the corresponding total elastic moments were determined by the writer 
for the six types of slabs analyzed by Westergaardo The computations 
involved in the evaluation of these ratios are summarized in Table 43, 
where the individual ratios of the positive and negative moments to the 
total elastic moment in the panel are included also 0 
It may be observed in this table that the total panel moments 
provided according to Westergaardis coefficients are in general almost 
equal to, or larger than, the corresponding total .elastic moments. Only 
for an interior panel in an infinite row of panels is the total moment pro-
vided according to Westergaard appreciably smaller (15%) than the corres-
ponding elastic momento (However, the total moment provided in the perpen-
dicular direction is more than twice that required according to an elastic 
analyses 0 Thus, the coefficients derived for" this case could be justified 
based on the effects of redistribution between the two panel directions)o 
The table shows also that in all cases the total negative moments according 
to Westergaard are considerably smaller than the corresponding elastic 
values, while for the positive moments the reverse is trueo 
Regarding the total moments provided according to Method 2, 
Table 43 shows that, for square panels, they are always larger than the 
corresponding elastic momentso It shows also that the ratios of the nega-
tive moments provided to the total elastic moments in the panel increase 
slightly in Method 2 over Westergaard, while the ratios involving positive 
moments increase significantly. 
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Therefore, the total panel moments provided according to 
Westergaard are large enough to cover the case of uniform load on all 
panels. But their distribution to positive and negative moment sections 
differs widely from that of the elastic moments developed in -the structure 
for this loading condition. Furthermore, the modifications made in 
Method 2 to the coefficients proposed by Westergaard result in most cases 
in a significant increase in the positive moment values, while the negative 
moments are increased only slightly. 
A comparison of the values presented in Table 42 for the reduced 
total moments at the critical sections with respect to the corresponding 
elas~ic moments shows that, for all practical purposes, the 28 per cent 
reduction was made entirely in the value.s of the negative moments, while 
the positive moment values remained constant, or even increased slightly. 
This constitutes a significant difference with respect to the procedure 
followed by Siess and Newmark. In their method, an equal percentage of 
reduction (20%) was applied to all maximum moments at the critical slab 
sections. Thus, the proposed positive and negative deSign coefficients 
stand in the same ratio as the corresponding ~mum elastic moments 
derived from partial loadings. Therefore, if partial loadings are used 
for live load, the percentage of overstress will be the same for positive 
or negative moment sections. 
On the other hand, Westergaard reduced the total moments by 
28 per cent, but made practically all of the reduction in the negative 
moments, leaving the positive moments essentially unalteredo Thus, if 
partial loadings are used for live load, the overstress in the negative 
moment sections will be considerably larger than 28 per cent, while.no 
overstress will occur at the positive sections (if the structure is loaded 
according to their corresponding critical loading patterns). And since the 
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modifications made in Method 2 represent chiefly an increase in the positive 
moment values, the conclusions presented above are also valid for the 
coefficients recommended in this methodo 
It may be concluded that the type of reduction made in the design 
of flat slabs, that is, a reduction based on the moments determined for 
uniform load on all panels, was not applied in either of the two methods 
considered in this sectiono 
A further difference exists in the manner in which the reduction 
in moments was made in the two methods 0 Newmark and Sie ss applied an equal 
percentage of reduction in all of the slab moments, from square panels to 
one-way slabso But the 28 per cent reduction considered by Westergaard 
was made only in the moments corresponding to square panels. For one-way 
slabs, he recommended the coefficients used at the time in one-way construc-
tion, vlhich were based on the use of partial loadings to produce maximum 
moments at the critical sections (although the negative moment coefficients 
used correspond really to the condition of uniform load t~oughout the 
structure; however, they do not differ much from the absolute maxi.mum nega-
tive moments)o Thus, no reductions were made in this case to take into 
account the redistributions of stresses 0 Therefore, the reductions made 
by Westergaard vary, presumably, from 28 per cent in the case of square 
panels to none for one-way slabs 0 
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10. DISCUSSION OF DESIGN METHODS: MOMENTS IN THE SUPPORTING BEAMS 
10.1 Introduction 
It has been pointed out in Section 9 .. 2, that. in general, the 
determination of beam moments is made in the different methods independently 
of that of slab moments. Since these are computed based, directly or in-
directly, on 'analyses of elastic plates supported on rigid beams, no consider-
ation is given in the design of the slab to the properties of the supporting 
beams. Each of the beams are then proportioned to carry a certain portion of 
the panel load which depends on the relative stiffnesses of the slab in the 
two directions. 
Although the assumption of infinitely rigid supports may be adequate 
in most conventional construction, its adoption as a basis for a design pro-
cedure fixes to a very large extent the moments, and thus the dimensions, of 
the supporting beams. This defect is particularly bad at the present time 
when the trend towards the use of shallow beams in many types of building con-
struction is unnecessarily restricted by the excessive moment resistance that 
must be provided in the supporting beams in accordance with the assumption of 
rigid supports. It appears then, that a d,esign procedure similar to that 
recomrri.ended by Appletoil (1 7), in which the slabs and the supporting beams are 
considered to act as a combined structure and the total moments at the critical 
sections are dfstributed to them in proportion to their relative stiffnesses, 
would be more adequate than the procedures recommended presently in the ACI 
Code. 
In general, three different basic criteria are utilized to evaluate 
the moments in the supporting beams: 
(a) the slab and parallel beams carry the total load 
sections. 
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(b) the slab and parallel beams resist together the total moment 
in the structure in the direction considered 
(c) the beams carry the loads acting on their tributary areas. 
Each of these criteria ~ll be analyzed separately in the following 
10.2 Design Based on Distribution of Panel Load 
The methods co'nsidered in this group are based on the assumption that 
the slab and parallel beams together carry the total load acting on a panel 0 
This is the criterion utilized in the "methods of analysis Tf J that is, in 
Method 1 and in the !lbasi c IT MET methodo 
Since'in these methods the load acting on a panel is distributed to 
the two directions in proportion to the relative stiffnesses of the slab in 
these directions, the beams are then assumed to carry the load taken by the 
slab strips supported on themo Although this approach has a logical appeal, 1. t 
has also two important defects: 
(1) Since the relative stiffness of t~e slab in the long direction 
of panels with low ratio of sides is generally ver;y low; and consequently 
the proportion of the panel load carried in this direction according to the 
laws of distribution is very small, these methods yield extremely low moment 
and shear values for the b.eams spanning in the short directiono This can be 
observed in the curv~s of beam moments for Method 1 presented in Figso 19-21. 
(However, the curves for the MET method do not show this defect due to the 
requirement ,on minimum load for the short beams imposed in the method). 
(2) Since the procedure gives no indication regarding the distri-
bution of load on the supporting beams, these are assumed to be uniformly 
loaded throughout the spano This assumption yields values on the unsafe 
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side, since in reality the load on the beams is concentrated towards the 
middle portion of t~e span. 
In addition to the use of different criteria for the distribution of 
load to the two directions of the panel, a more significant difference exists 
in the two methods regarding the determination of the loads which the beams 
must carry. While in the MET method the loads resulting from the distribution 
to the two directions are used directly to compute moments in the slab and-the 
supporting beams, in Method 1 these moments are computed based on the "equi-
valent uniform loads", which were derived from the distributed loads so as to 
yield satisfactory moment values in the slab" .. In other words, while the load 
per unit length acting on the beams spanning in the A direction is equal to 
(1 - r A) w B in the MET method, in Method 1 it is made equal to (1 -eAr A) w B. 
Thus, Method 1 distributes in reality not only the total load, but the total 
moment also to the slab and the supporting beams. 
S~nce the value of eA in Method 1 is in all cases lower than 1, the 
portions of the panel loads acting on the beams are increased in Method lover 
those that would correspond to them if the distributed loads were used directly 
to compute beam moments. This is particularly noticeable in' the beams spanning 
in the long direction, for which eA ranges from 00745 to 005, depending on 
the conditions of restraint and the ratio of sides. Thus, as it may be 
observed in Figs. 18a anQ l8b for instance, the moments for the long beams 
given by Method 1 are .larger than those given 'twthe MET method, even though 
according to the laws of distribution of panel load a larger proportion is 
given in the MET than in Method 1 to the beams spanning in the direction 
considered. 
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100201 Critical discussion of the procedure utilized in Method 1 
The main deficiency of the procedure utilized in Method 1 to deter-
mine moments in the supporting beams is the extremely small values it yi.elds 
for the short beams in panels with low values of. bjao This may be observed 
in Figse 19-21? where for b/a lower than 007 the curves of beam moments 
decrease very much in value for decreasing b/ao Both experimental and theo-
retical studies have shown that the moments in the beams spanning in the short 
direction of the panel are to a v~rY large extent independen~ of the dimension 
in the long direction. Thus, moments obtained from load distribution factors 
based exclusively on the ratio of sides of the panel are often inconsistent 
with the beam moments obtained by more. accurate procedures 0 This is evident 
in Fig~ 2lb where the moments according to Method 1 are considerably smaller 
than those given by Method 2, .for instance, in which the mome"nts in the short 
beams are computed independently of the panel length in the perpendicular 
direction. 
10.2.2 Critical discussion of the procedure utilized in the MET method 
The basic MET method has the same defect observed for Method 1 re-
garding the computation of moments in the beams spanning in the short directione 
To eliminate this defect, the provision of a minimum amount of load for these 
beams based on a tributary area equal to that used in Method 2 was introduced~ 
But in the case of square panels this prOVision yields values that are not 
consistent with those obtained using -the regular procedureo Thus, some serious 
discrepancies occur in the moments for which the beams must be designed when 
the criteria for loading on the beams is changedo This is particularly 
important when the panel, due to its conditions of restraint or continuity, 
is much stiffer in one direction than the othero' 
-226-
This may be illustrated by considering a square panel, with sides 
equal to A, which is continuous at two opposite edges. According to the load 
distribution factors presented in Table 1 of Reference 3, 83 percent of the 
panel load is carried by the slab in the continuous direction, and 17 percent 
in the simple span direction. Conversely, the beams in the continuous direction 
carry 17 percent of the panel load while those in the other direction carry 
83 percent. If a similar panel, which is almost square and with the same 
conditions of continuity but with a span" in the continuous direction shorter 
than A, is considered now, the beams in the continuous direction are the 
short beams in the panel, and according to the minimum load provision must 
be designed to carry the equivalent uniform load which, for an almost square 
panel, represents roughly 67 percent of the total load in the panel. Consider 
now another panel under similar conditions, but with a span in the continuous 
direction slightly larger than A. The beams spanning in this direction are 
now the long beams in the panel, and according to the method they should be 
designed for the portion wB of the total load given in Table 1, which in this 
case would be slightly higher than 17 percent. The result is then that for 
beams under almost identical conditions, the proportion of the panel load for 
which the design must be made changes abruptly from about 67 percent to just 
above l7 percent; which is not reasonable. This discrepancy is shown in terms 
of moment ratios instead of load ratios, in the curve representing this case 
in Fig. 21b. Similar discrepancies occur in Figs. 19a, 19b and 20b. It is 
obvious that in these cases the values resulting from the ordinary distribution 
of loading for the beams in the long direction are extremely low and need 
to be corrected. Therefore, a certain transition should be included in the 
provisions of this method to avoid these inconsistencies. One such transition 
would be to limit the value of the equivalent load on any beam to the 
equivalent load specified for the short beams of the panel. It should be 
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noted that the transition must be made by raising the moments corresponding 
to the long beams and not by decreasing those given for the short beams} since 
these approximate closely the elastic values obtained by more accurate pro-
cedureso That is, in panels where the slabJ due to the conditions of restraint 
or continuity at the edges, is much stiffer in one direction than the other, 
the moments in the beams parallel to the stiffer direction, be they the 
short or the long beams of the slab, must be increased to override the 
extremely low moment values resulting from the criterion of load distribution 
utilized in the methodo 
An additional 'inconsistency occurs if the requirement on the minimum 
load for the short beams is interpreted strictly according to the wording of 
this provision in the proposed methodo This may be shown as follows: the 
proportion of the total panel load acting on the tributary area of the short 
beams is equal to m/2J where m is the ratio of sideso Thus, according to 
the wording of the method, whenever WE is less than m/2 the minimum load re-
quirement governs, and the equivalent uniform load must be used. But this 
equivalent load, given by the expression wA/5} when multiplied by the length 
of the short beams yields a total load on these beams equal to '2m./5 times the 
total panel loado Then, if for a certain panel the corresponding value of 
wB in Table 1 of Reference 5 is lower thanm/2J the minimum loBi requirement 
governs and the short beams are automatically designed for a portion of the 
panel load equal to 2m/50 But if the' span in the long direction is decreased, 
while keeping the length of the short span constant, the value of wB increases 
until it exceeds m/2o Here, according to the wording of the method, the 
short beams would be designed for this portion of the total load, just above 
m/2, while the short beams of a longer panel must be designed for a portion 
equal to '2m./5o Thus, beams which according to Table 1 must carry a bigger 
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portion of the panel load could be designed for smaller moments. This in-
consistency can be easily avoided by specifying that in no case ~hall the 
equivalent load on the short beams be less than wA/3. This 'criterion was 
followed in the evaluation of beam moments presented in Section 3 .. 5 .. 3. 
10.3 Design Based on Distribution o~ Total Moment 
In this case, the design of the supporting beams is made on the 
assumption that the slab and parallel beams carry together the total moment in 
the structure. This is the criterion followed in Westergaard's analysis, and 
to a certain extent, in Method 1 also, as indicated in the previous section. 
Although this criterion yields the most accurate values for the 
moments in the supporting beams, particularly if the total moments in the 
structure are distributed to the slab and beams in proportion to their relative 
stiff'Uesses, it is difficult to apply in practice. 
As utilized by Westergaard, the procedure consists of isolating a 
portion of the st'ructure between two consecutive critical sections and deter-
mining the total moment carried by the beams by subtract~g from the static 
moment in the structure the total moment, taken by the slab. These total beam 
moments are distributed to the critical positive and negative moment sections 
tru~ing into account the conditions of continuity of the beams and are appor-
tioned to the exterior and interior beams as the reactions in a uniformly 
loaded continuous beam spanning parallel to the sections considered. Thus, 
in the practical application of this procedure, assumptions must be made 
regarding the ratio of the average moment in the slab across a critical 
section to the maximUm moment in the same section, the distribution of total 
beam moments to the critical positive and negative sections, the distri-
bution of these critical moments to the different beams and the critical 
loading patterns that will produce maximum moments. 
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Regarding the derivation of beam moments made by Westergaard for 
uniformly loaded slabs composed of square panels only, which has b~en presented 
in Section 80305, it is interesting to note that moment v~ues very close to 
those determined by him can be obtained directly by using the elastic values 
presented in Fig. 1 of his paper. Based on these values, and utilizing the 
same ratios of average to maximum. moments and the same factors of distribution 
of beam moments to the critical sections utilized by Westergaard, beam moments 
for thi s loading condition were determined by the writer 0 The range of the 
r,atios between the beam moments derived in this manner with respect to the 
corresponding moments obtained by Westergaard, for all, the cases he considered, 
extends from 0090 to 1029, with an average value of'l.07. Since the moments 
corresponding to the critical loading conditions are derived from these values 
for uniformly loaded square panels) similar design moments would be obtained 
using the results of this study 0 
This observation supports the argument presented in Section 90606 
that the reduction of slab moments made by Westergaard may be justified alone 
on the basis of the use of different partial loadings to derive maximum moments 
at the critical sections. Therefore, the concept of ntrue Tl and !1~ominaln slab 
moments utilized by Westergaard is not necessary to justify the reductions 
of slab moments, or the evaluation of beam moments in his design method. 
In 1942, Dischinger published a paper (30) analyzing the relative 
accuracy of the methods used in Germany at the t~e'to determine moments in 
tpe supporting beams. He considered the methods based on the load distri-
bution factors given by Harcus, and on a system. of tributary areas equal to 
that recommended in ACI Hethod 20 He compared the beam moments obtained 
using these two methods with the values derived under the assumption that 
the slab and parallel beams carry together the total moment in the structure. 
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Although this assumption is the same one made by Westergaard} his procedure 
of derivation is somewhat different. Dischinger computed the total moments 
in the structure corresponding to the critical loading conditions for each 
design section} assuming the structure to act as a continuous beam in the 
direction considered. By subtracting from these total moments the moments 
carried by the slab, which were estimated based on Marcus r method, he derived 
the moments at the critical sections of the supporting beams. 
His comparisons showed that the procedure based on tributary areas 
yields results that approximate those obtained with the procedure described 
above much better than those derived using the load distribution factors, 
particularly for the beams spanning in the short direction. Dischinger found 
also that although the procedure based on tributary areas yields satisfactory 
results ~or the beams supporting interior panels, it still yields positive 
moments that are too .small for beams supporting edge or corner panels} 
particularly those spanning in the short direction. Based on these results} 
he recommended increasing the positive moments in all beams perpendicular to 
a discontinuous edge by a factor ~hat} for the short beams, varies linearly 
from 35 percent in panels with ratio of sides equal to 2 to 25 percent for 
a square panel; for the beams in the long direction, the factor decreases 
from 25 percent in the case of square panels, to zero increase for panels 
with ratio of sides equal to 2. 
10.4 DeSign Based on Tributary Areas 
According to this criterion, each beam in the structure carries 
that portion of the panel load acting on its tributary area, which in both 
ACI Method 2 and the New.mark-Siess procedure is limited by the 45 degree lines 
coming out from the corners and} in the case of the long beams} the middle 
line of the panel in the long direction 0 
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This criterion of load distribution is used in both ftmethods of 
analysisTT, instead of the more accurate procedure based on distribution of 
total moments to slabs and supporting beams) to facilitate the design of the 
beams 0 This procedure was developed based on load tests and on elastic analyses 
which showed that the reactions of the slab acting on the short span beams 
are practically independent of the length of the panel in the long direction 
and thus depend essentially on the load acting on the ~ediate area, which 
for practical purposes was assumed to be limited by the 45 degree diagonals 
from the corners 0 Once the load carried by the short beams was established, 
that on the long beams was taken as the remaining load in the panelo 
This procedure has the advantage of yielding more realistic values 
for the moments in the short beams than that presented in Method 10 But on 
the other hand, it does not distinguish between different conditions ·of 
restraint at the edges of the panelo Since the tributary areas depend only 
on the shape and dimensions of the panel, the same distributed loads for the 
supporting beams are obtained for panels with similar dimensions but very 
different support conditions 0 This defect is corrected in the procedure re-
commended in the Swedish Specifications (31), in which the type of restraint 
offered at the edges of the slab is taken into consideration when determining 
the tributary areas. 
Analyses carried out by Siess and Newmark, based on the condition 
that the sum of the moments:in the slab and its supporting beams must equal 
the static moment for the loading considered, showed that the total moments 
carried by the beams were very nearly equal those obtained with the load 
distribution specified in Method 29 which was therefore, adopted in their 
design procedure. 
As indicated in Section 805014, the values of the equivalent 
uniform loads were reduced in this procedure taking into account that in 
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general beams are designed using bending moment coefficients corresponding 
to partial loadings. The magnitude of these reductions, and the criterion 
followed for their determination have been presented already in that section. 
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110 DISCUSSION OF RESULTS OF YIELD LINE ANALYSES 
1101 Introduction 
The discussions included in this chapter are based on the studies 
presented in Chapter 7, particularly on the results report in Tables 33 
through 37, which are plotted in Figso 40-430 In connection with these studies 
it should be noted that each panel was analyzed individually, without any 
consideration of the effects of adjacent panelso Thus, the analyses made 
correspond in each case to a typical panel in a uniformly loaded structure 
composed exclusively of panels identical to the panel considered in both 
geometry and restraint conditions 0 
Regarding the modes of failure of a two-way slab, ideally the best 
design would be that for which the yield load for panel failure and for 
structural failure in the two directions would be the same, or very nearly sOo 
In this case, no element of the structure would be overdesigned and all would 
fail simultaneouslyo However, from a practical view point, it is convenient 
to have a slightly larger yield capacity in the slab panels than in the 
structure as a whole, to insure that no slab panel will fail before the 
entire structure collapses. 
From equations (17) and (20) for yielding as a structure presented 
in Section 704-; it may be observed that the yield loads depend on the combined 
moment capacity of the slab and the supporting beams spanning in the direction 
conSidered, and thus, are not affected by the relative distribution of moment 
to slab and beams 0 This is the reason why slabs designed according to 
Method l, in which the total moment at a critical section is distributed to 
the slab and beams in proportion to certain factors depending on the ratio 
of sides of the panel considered, have approximately the same values of 
yield load for failure as a structure for all ratios of bjao (The deviations 
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observed from a constant value are due to the requirements on minimum amount 
of reinforcement in the longitudinal direction, to the allowable reduction 
in positive moment reinforcement in strips adjacent to continuous edges, and 
to the use of different moment coefficients for slab and beams at discon-
tinuous edges .. ) 
In a similar manner, the yield load for panel failure depends 
basically on the Utotal ll moments in the two directions of the slab, and is 
relatively independent of the distribution of moment reinforcement to the 
positive and negative sections, as it may be observed from Eq. (12) in 
Section 7.3. Thus, panels with different distributions of reinforcement to 
the positive and negative moment sections, but with equal total moment 
capaci ty in the two directions of the slab will have the same yield 10m for 
panel failure. 
With respect to the parameter a presented in Section 7.3, and in-
cluded in Tables 33-36, it may be indicated that the value a = 1 corresponds 
to panels in which the yield lines form. along the diagonals.. (This may be 
observed by substituting into Eq. (11) the value Of wp resulting from Eq. (12), 
when a equals 1. Equation (11) will give then hl+h3=~ while simultaneously 
h2 + h4 = L). For this type of yielding, the total panel load is distributed 
evenly in the two directions, and each beam. carries at ultimate one-fourth 
of the total load acting on the panel. Furthermore, for panels where 
L/Ll S 1, a value of a larger than 1 indicates that yielding. of the panel 
will occur in a pattern similar to that shown in Fig. 37, while for a value 
of a less than 1, the segments adjacent to the long edges of the panel will 
be approximately triangular, while those adjacent to the short edges will 
be trapezoidal. 
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1102 Modes of Failure and Yield Capacity of Slabs Designed According to 
the Different Methods 
From examination of Figso 40-43 the following conclusions may be 
drawn regarding the mode of failure of slabs designed according to the 
different methodso (It should be noted that the curves for yielding as a 
structure presented in these figures are the same than the corresponding 
curves of total moments in the structure presented in Figso 28-33)0 
11.201 Slabs designed according to Method 1 
As indicated previously, the load for yielding as a structure, in 
either panel direction of slabs designed according to Method 1 is practically 
independent of the ratio of sideso It reaches the relative value of lo23 
in the case of spans continuous at both ends, and a value between 1013 and 
1022 in the case of spans perpendicular to a discontinuous edge 0 This 
variation depends on the proportion of the panel load carried by the slab and 
the beams in the direction conSidered, and arises from the use of different 
moment coefficients for the slab and the supporting beams at discontinuous 
edges 0 
Since the reductions in positive moment reinforcement in the 
direction of the short span are made over a wider portion of the slab than 
those in the direction of the long spany the loads for yielding of the 
structure in the short direction are lower than those for yielding in the 
long direction, for both interior and corner panelso Similarly, since the 
coefficients for negative moments at discontinuous edges are smaller for the 
slab than for the beams, the yield loads in edge panels for failure as a 
structure are lowest for the direction perPendicular to the discontinuous 
edge 0 
-236-
In the case or row panels, the very large value for the yield load 
corresponding to failure as a structure in the discontinuous direction is due 
to the use of a positive moment coefficient equal to 1/8, while providing 
also negative moment reinforcement at both discontinuous edges. In this 
case, the structure will fail in the continuous direction. 
In all other cases, for panels with b/a ~ 0.7, the critical loading 
corresponds to a panel failure. But for panels with b/a S 0.7, the relative 
value or the load for panel failure increases rapidly for decreasing values 
of bfa, and the slab will rail as a structure in the short span direction. 
11.2.2 Slabs designed according to Method 2 
The'yield loads for failure as a structure in either direction 
of slabs designed according to Method 2 agree closely for panels with ratio 
o.f sides larger than 0.6. For panels with ratio of sides between 0.6 and 
0.5, the load for yielding in the direction of the short span increases 
rapidly for decreasing values of bfa, due to the corresponding increase in 
slab moments given in this method in this interval. 
For yielding as a panel the following trends can be observed: for 
panels that are continuous in the short span direction, the, .. ¥.ield load 
decreases significantly from b/a = 0.5 to b/a = 0.6, and then remains 
practically constant throughout the range of ratios of sides. For panels 
discontinuous in the short span direction, the yield load- for panel failure 
decreases in the range of b/a from 1.0 to 0.6, and then increases slightly. 
Only in the case of interior panels the critical load would corres-
pond to a panel failure. In all other cases, failure will occur by yielding 
of the structure in the least stirr direction, that is, in the long span 
direction of corner panels and in the direction perpendicular to the dis-
continuous edge in edge panels. 
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For row panels) as indicated previously for Method 1, the critical 
load corresponds to yielding in the continuous directi on) since an excessive 
moment resistance exists in the discontinuous direction when a coefficient 
equal to 1/8 is used to compute the positive moments. 
1102.3 Slabs designed according to the MET method 
Slabs designed according to the MET method will fail in mOst cases 
by yielding of the structure in the long span direction" Only in the case of 
row panels continuous in the direction of the short span a lower failure" load 
is obtained for yielding of the slab as a panel" 
A large discontinuity occurs at b/a = 100 for the values of the 
load corresponding to yielding as a structure in all cases, except those 
where the span considered is less restrained at the ends than the span in 
the perpendicular direction" This discontinuity arises from the correspond-
ing discontinuity in the values of beam moments indicated previously 0 It 
may be observed that in all cases the failure load for yielding of the 
structure in one direction is considerably smaller than that for yielding 
in the perpendicular direction. This difference in yield loads for failure 
in the tvo directions is particularly large in the case of row panels con-
tinuous in the direction of the long spano 
The load corresponding to panel failure increases in general for 
increasing values of bfa, except in the case of row panels continuous in 
the long span direction. In the case of edge panels with one long edge dis-
continuous, row panels ~th t~ long edges discontinuous and corner and 
interior panels ~th ratio of sides larger than 0.7, the computed load for 
yielding as a panel exceeds greatly that for yielding of the structure in 
the direction of the long span (from 27 per cent in the case of corner panels 
to 59 per cent in the case of row panels). This considerable excess of load 
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capacity for yielding as a panel with respect to that corresponding to yielding 
as a structure indicates a deficiency in the amount of reinforcement provided 
in the long beams to correspond adequately to that provided in the slab. 
It may be observed that if the provisions governing the deter-
mination of moments in the long beams are modified so as to yield values that 
will agree with those obtained for short beams under similar restraint condi-
tions in the case of square panels, the capacity of the structure against 
yielding in the long direction would be increased considerably and therefore 
the differences existing between the capacity of the slab as a panel and as 
a structure would be greatly reduced. 
The curves presented for this method in Figs. 40-43 correspond to 
a LL/DL ratio equal to three. From the values presented in Tables 33- 36 it 
may be observed that practically no difference exists in the load values for 
yielding in the long direction corresponding to live load-dead load ratios 
equal to 3 and ~; and that only a slight difference occurs in the loads corres-
ponding to yielding in the short span direction. The largest differences 
occur in the loads corresponding to panel failure,although the values obtained 
for LL/DL = 3 do not exceed those for LL/DL = 1 by more than 8 percent in 
any-case. 
Finally, the decrease observed in the curves of Figs. 40-43 of 
the loads corresponding to yielding as a structure for increasing values 
of b/a results from the decrease in the values of the positive moments in 
the slab due to the torsional factors VA and VB. 
11.2.4 Slabs designed according to the NeVJmark-Siess procedure 
In most cases, slabs designed according to the Newmark-Siess pro-
cedure will fail by yielding as a structure in the direction of the short 
span. However, the load corresponding to yielding as a panel is only 
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slightly l;3.rger (not more than 8 percent larger in the general cas.e)o The 
load corresponding to a structural failure in the direction of the long span 
increases linearly, in the range 100 ~ bja ~ 005, from the, ,value cor]:esponding 
to yielding in the. short span direction in square, or nearly, square panels, 
to a value 20 percent larger, a:pprox~ately, in on$-w~y slabs 0 Thisincrease 
in yield capacity against failure in the long span direct~on .or~ginates from 
the corresponding increase .in beam moments indicated previouslyo, 
The value of the 10,ad for yielding in the short span direction varies 
only from 0093 to 0097 in the case of spans perpendicular to a discontinuous 
edge 0 But for spans continuous at both ends it remains at a constant value 
of 1002 throughout the range of b/ao The loads corresponding to panel failure 
vary slightly from the following average values ~ 1009 for interior panels, 
1002 for edge panels, and 0096 for corner panels. 
It should be noted that all values obtained in these analyses were 
derived from a single set of moment coefficients, since no distinction is 
made in the method of the relative location 01' the panels with respect to 
" the edges of the structure 0 However; different curves were obtained for the 
different cases as a result of the different number of discontinuous edges: 
OJ 1, or 20 
llQ3 Comparisons of the Yield Loads, Corresponding to the Different ;Methods 
In practically all cases, the yield loads corresponding to slabs 
designed according to the Newmark-Siess method are lower than the corres~ 
ponding values for slabs designed using any other methodo Howeve,r, for edge 
panels with one long edge discontinuous.9 the values for yielding as a 
structure in the continuous direction of slabs designed'according to the MET 
method are lower than the corresponding values derived using the Newmark-Siess 
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procedure. It could be said that, in general, the yield loads corresponding 
to this procedure are 20 percent lower than those for slabs designed using 
the other methods. 
The next lower load capacity corresponds to slabs designed according 
to the MET method, in which the critical mode of failure is that of yielding 
in the direction 'of the long span. 
Finally, it may be mentioned that yield loads for panels designed 
according to Method 1 are, in general, lower than those from Method 2, although 
both are practically equal in the case of interior panels. 
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120 SUMMARY 
A comparative study was made in this investigation of different 
design procedures for reinforced concrete slabs reinforced in two directions. 
The procedures considered were those included in the 1956 edition of the 
Building Code of the American Concrete Institute, together with the proposed 
Modified Elastic Theory method and the New.mark-Siess design procedureo In 
addition) as steps in the development of ACI Method 2 and the MET Method, 
respectively, the procedures of design recommended by Westergaard and by 
Marcus were considered also. 
The comparisons made in this study were of three general types: 
(a) Numerical comparison~ of the design moments obtained by 
application of the different methods to slabs with different conditions of 
restraint and different ratios of sideso 
(b) Comparisons of the yield load capaci ties and the type of failure 
to be expected in slabs designed according to the different methodso 
( c) Comparisons of the design philosophies on which the methods 
are based, and of the manner and extent to which the variables affecting the 
moments in a slab are taken into account in each methodo 
From the studies of the first type) which included comparisons of 
design moments in the middle strips of the slab, total slab moments across 
the width of the panel, beam moments} and combined slab plus beam moments at 
critical sections, the differences existing among the results obtained using 
the several methods were established. As shown in the tables and figures pre-
sented, the moments given by the different methods do differ by appreciable 
amounts in many cases" 
Since the moments in a slab depend on many factors whose effects are 
closely interrelated, and since the effectiveness of each method to take them 
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into account varies for different slab conditions, no general conclusions may 
be stated regarding the relative values of the moments obtained according to 
the different metho~ for all cases of rectangularity and restraint. A de-
tailed descriptio~ of the observed differences is included in Chapter 5 
for each of the different types of moments considered. HOw~ver, it may be 
said that in many cases the highest moment values are those obtained using 
the Modified Elastic Theory method, particularly for the short span direction 
of panels with low ratios of bfa, while the NeVl!D.ark-Siess procedure yields 
the lowest values. Both Method 1 and Method 2 usually yield intermediate 
values, although those from Method 2 become the highest in some cases for 
square and nearly square panels, and for the long span direction of rectangular 
panels. 
The studies of the second group included the evaluation of the 
yield load capacities of slabs for both failure as a panel and failure as a 
structure. In the first case, the slab panel yields at the faces of the 
supporting beams and along failure lines extending from the corners towards 
the middle region of the panel, while in the second case the whole structure 
fails when yielding occurs along lines running parallel to the supports in 
both the slab and the supporting beams where they cross the failure lines. 
It was observed that slabs designed according to the different methods have 
different factors of safety against yielding and that in most cases the slabs 
will fail by yielding as a structureo Although general conclusions may not 
be drawn either from these studies for all cases of rectangularity and con-
tinuity, the following remarks apply in most cases: 
(a) Slabs with ratios of sides approximating 1.0 designed according 
to Method 1 will fail as a panel, while those with low ratios of sides will' 
fail as a structure, in the direction of the short span. 
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(b) Slabs designed according to Method 2 will fail as a structure 
in the less stiff directiono 
(c) Designs made in accordance with the I~T method yield slabs 
that 1-Till fail as a structure in t.he direction of the long E3pano 
(d) Slabs designed according to the Newmark-Siess procedure will 
fail as a structure in the direction of the short spano 
It was observed also that slabs designed according to Method 1, 
Method 2, and the Newmark-Siess procedure are in most cases approximately 
balanced, that is, the ratio of the yield load for failure as a panel to that 
for failure as a structure does not exceed 1010, while for slabs designed 
according to the MET method this ratio is larger than 1025 in many caseso 
Furthermore, it could be observed that the yield loads for slabs designed by 
the Newmark-Siess procedure are generally much lower than those corresponding 
to designs using other methodso 
To establish a base for the studies of the third type, the origin 
and derivation of the different methods has been described in Chapter 80 From 
these studies it was observed that, taking into account their fundamental 
approach to the problem, the methods considered can be divided into "methods 
of analysis II and tTmethods of designtf 0 The methods of the first group, ACI 
Method 1 and the ~mT method, are based on the assumption that a two-way slab 
may be designed safely and economically using the moments derived for a 
similar elastic plate. Therefore, they are limited to presenting an approxi-
mate procedure of analysis by which the elastic moments can be determined 
easily for different conditions of loading 0 
In the "methods of designtt, ACI Method 2 and the Newmark-Siess 
procedure, the results of the elastic analyses are modified to take into 
account the specific characteristics of a two-way slab not considered 
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directly in these analyses. - Furthermore, while the methods of analysis yield, 
presumably, the moments corresponding to any particular pattern of loading, 
the methods of design are not intended to evaluate the actual moments in the 
slab corresponding to a particular loading condition, but rather to give 
moment values from which the reinforcement may be proportioned to obtain a 
structure of adequate strength for the general type of loading expected. 
With respect to the methods of analysis} it was observed that both 
give in generaly very low moment values for the slab in the long direction ~f 
panels with high rectangularity ratio, and consequently, also for the beams 
spanning in the short direction. This is a result of the fundamental 
assumption in these methods regarding-the distribution of load to the two 
panel directions on the basis of the relative stiffnesses of the slab strips 
intersecting at the middle point of the panelo 
Furthermore, in the case of Method 1, it was noted that using the 
flequivalent load factor" derived from consideration of positive moments only 
to evaluate negative moments in the slab, yields values that are very low in 
all cases. For the MET method, the provision regarding a minimum loading 
for' the beams spanning in the short direction causes some serious discrepancies 
in the values of the moments for which the beams must be deSigned. It was 
observed that although this provision corrects the extremely low moments 
obtained for the short beams, an additional correction is still needed for 
the moments in the long beams of panels, which, due to their conditions of 
continuity or restraint, are much stiffer in the direction parallel to the 
beams considered than in the perpendicular direction. 
Regarding the methods of design, it was observed that both are 
based essentially on the same ideas, although the method of analysis utilized 
by Newmark and Siess permitted a more complete and accurate evaluation of the 
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effects of certain variables than the simple superposition procedure employed 
by Westergaard. Both methods take into account to' a much greater extent the 
effects of redistributions of moments than do the methods of analysis, and 
in the case of the Newmark-:-Siess method) the effects of the torsional stiff-
ness and the flexibility o~ the supporting beams are also considered. 
It was observed that in general the values obtained from Method 2 
are more conservative than those from the Newmark-Siess procedure. This is 
due chiefly to two reasons: the lack of torsional restraint for the supporting 
beams assumed in the analyses ,made by'Westergaard) and the general increase 
made by the Joint Committee in the'moment coefficients recommended by 
Westergaard. 
It was noted also that the only serious defect of Method 2 results 
from the application of this procedure to the design of slabs that are truly 
simply supported at discontinuous edges, in which case the coefficients for 
positive moments in edge and corner panels given in this method are clearly 
inadequate 0 
The procedure of design presented by Newmark and Siess is based on 
a method of analysis that allowed the most complete study of the effects of 
the different variables in the moments developed in a slabo As a result of 
these studies) separate design coefficients were given for slabs of two 
different types of construction: slabs cast monolithic with their supporting 
beams and slabs not cast monolithically with theIr supports. And) al though 
the effects of the deflections of the bea~s were considered in recommending 
the design coeffiCients) the procedure still assumes the supporting beams to be 
considerably stiffer than the slab panel) although not infinitely stiff as 
assumed in the other methods. 
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TABLE 1. 
COEFFICIENTS C AND Cl FOR ACI METHOD I 
b Slab Beams Type of Panel r m=-
m. a C C1 (l-C) (l-(!l) 
0. .. 50. 0. .. 889 0..063 o..lll 0. .. 937 
Interior, Corner 0..60. 0..104 0..10.5 0..296 0..895 0. .. 10. 0. .. 580. 0. .. 1.55 0. .. 420. 0. .. 845 
and Isolated Panels 1 .. 00 0. .. 80. 0. .. -481 0..212 0. .. 519 0.·788 
0.·90. 0..400 0. .. 272 0. .. 600 0. .. 728 
1..00 0.·333 0.·333 0..667 0..667 
0. .. 50. 0.·924 0..04:; 0..0.76 0.·951 
Edge Panel.s with One 0..60. 0. .. 841 0.·0.71 0..159 0.·929 
Short Edge Discontinuous 0. .. 87 0..10. 0..692 0. .. 109 0. .. 308 0. .. 891 
and 0..80. 0..583 0. .. 152 0. .. 417 0. .. 848 
End Panels Continuous 0.·90. 0..491 0. .. 202 0. .. 50.3 0. .. 198 
at a Long Edge 1 .. 00 0. .. 423 0. .. 254 0. .. 511 0. .. 146 
0. .. 50. 0.·948 0..029 0..0.52 0.·911 
0..60. 0.·913 0..049 0..-081 0.·951 
Panels with Two 0..16 0.·70. 0..819 0..0.16 0..181 0. .. 924 Short Edges Discontinuous 0. .. 80 0..693 0. .. 108 0. .. 30.7 0. .. 892 
0.·90 0. .. 591 0. .. 146 0. .. 40.3 0..854 
1 .. 00 0. .. 518 0..188 0. .. 482 0..812 
0. .. 50. 0..145 0. .. 093 0..255 0.·90.1 
Edge Pane1s with One 0..60. 0.·592 0..149 0..408 0. .. 851 
Long Edge Discontinuous 1 0.·10. 0..418 0..214 0.·522 0.·186 
and 0..81 0..80 0..:;81 0. .. 284 0..613 0.·716 
End Panels ContinuOus 0.·90. 0.·313 0. .. 354 0. .. 681 0..646 
at a Short Edge 1.00 0..254 0..423 0. .. 746 0.·577 
0. .. 50. 0. .. 627 0..133 0..373 0. .. 861 
0. .. 60. 0..490. 0. .. 206 0..510. 0. .. 794 
Panels with Two 1 0.·70. 0..385 0. .. 285 0..615 0. .. 115 
Long Edges Discontinuous 0..76 0..80. 0.·302 0. .. 365 0. .. 698 0. .. 635 
0.·90 0..2:;8 0..444 0..762 0.·556 
1.00 0. .. 188 0..518 0..812 0..482 
TABLE 2 
BENDIBG K>MEIT COEFFICIEITB FOR SLAB AIm DAMS ACCORDIRG TO ACI CO..B!.. 
Bending MOment Coefficient B 
Panel r Short Span Direction Long Span Direction 
Diagram Description III Negative Positive _tift Begat:ift Positive Negative 
Contin\1OU8 Diacont. Contin'oous Di.cant. 
O 1 1 1 1 Inter:ior Panel 1.00 IT lb 11 Ib 
O Edge ;Panel With One 0 1 1 1 1 1 *' I Short Edge Discontinuous • 87 II Ib 10 14 2li 
O Edge :Panel With One 1 1 1 1'* 1 1 Long :ldge Discontinuous 0.81 ro 14 ~ 11 Ib 8 
ro 
O 1 1 1* 1 1 1* $ Corner PaMl 1.00 10 U 24 10 14 ~ u 
O Panel With Two Short 0 6 1 1 1 1 Edge. Discontinuous • 7 11 n; lJ 1b 
O Panel With Two Long 1 1 1 1 1 Edges Discontinuous o. 76 'B Il) 11 Ib 
O End Pemel Continuous 1 1 1 1 1 1 '* at a ,Short Edge o:B7' 13 Ib 10' ~ 2T; 
O End PaMl Continuoue 0 87..!... 1 1 ... 1 1 at a :Long Edge' • 10 'i'i 2i lJ n; 
D 1 1 1 1 Isolated Panels 1.00 'B ib "8 Ib 
'* For beam moments subltitute 1/16 for value shown. 
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TABLE :; 
K>NEIffS II' IlTERIOR PAIELB ACCORDDG TO ~I MlTJl>D 1 
L :: span in the short direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab + 
L Moment Slab Slab Be_ Beam Slab Slab Beam Be_ 
x;. Mom. Mom. it>m. Mom. Mom. Mom. lb •• 1t:a4I 
COIaOD factor wb2 vb' vb3 wV vb2 vb3 vb' vb3 
IreS. Die. .. 
0·5 Pos. .0556 .104:; .. 0138 .ll81 .0185* .0162 .2344 .2504 lIeg. Con. .0808 .. 1616 .0202 .1818 .0269* .()a69 .,408 .:;676 
E .2659 .0340 
·2999 .0431 ·5752 .6180 
lieS. Dis. 
0.6 Pos. .0440 .0678 ';.:0:;08 .0986 .0182 .0159 .1553 .1712 lIeg. Con. .. 0640 .1067 .041&8 .1515 .. 0265 .. 0265 .2261 .2526 
1: .1745 .0756 .2501 .0424 ·3814 .. 4J38 
lieS. Dis. 
0.7 Pos. ..0362 .. 0472 .. 0376 .. 0848 .. 0198 ..0173 .1018 .1251 lIeg. Con. .0527 .0153 .05li6 .1299 .0288 .0288 .1567 .1855 
1: 
.1225 ·0922 .. 2147 .o.iK)l .2645 .3106 
Beg. Dis. 
0.8 Pos .. .0301 .0339 .0405 .0744 .0207 .0181 .0770 .0951 leg. Con. .0437 ,,0546 .. 0590 .1136 .. 0301 .0;01 .. 1ll9 .1420 
1: .0885 .0995 .1880 .0482 .1889 .2371 
Beg. Dis. 
0·9 Pos. .0250 .0246 .0417 .0663 .. 0210 .0184 .0562 .0746 liege Con. 
.. 0364 .oli04 .0606 .1010 .. 0305 .0305 .0817 .. 11.22 
~. 
.0650 .1023 .. 1673 .. 0489 .1379 .. 1868 
lIeg. Die. 
1 .. 0 Pos. .. 0208 .0182 .0417 .0599 .0208 .0182 .0417 .. 0599 Beg. Con. 
.0303 .. 0303 .0606 .. 0909 .. 0303 .0303 .0606 .. 0909 
E 
.0485 .1023 .1508 .0485 .102; .1508 
*From the requiremeat of min1lmm. amount of re1nforcemeu.t" 
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'.fOLK 4 
1I>MZIm D mxm PADLS ACCORDDG 1'0 ACI MI"l![OD 1. 
L m 8paD in direction perpend1eul.ar to disconti:rmawa 
Ratio of L Direction ~ Direction 
Sides .Max. Total Slab + Max. Total Slab + 
L iblent Slab Slab Be_ Be_ Slab Slab Beam :Be_ 
~ Ibm. Mom. Mom. Ibm. Moll. Mom .. Mom. )baG 
Co.DOD factor vb2 vb' vb' vV vb'§ vb' Vb' vb' 
Beg. Di8 .. ·0.310. .0620 .0318 .. 0938 
0·5 Pos .. ·0.532 .0998 .. o.3~ .. 1362 .02;2 .0218 .2268 ... 2~ Beg. Con .. .0.745 .1490 .. 0.510. .2000 .0.338 .0,;8 , .. 3298, ,.3636 
E .. 20}O .. 0.775 • 2805 r.05'56 " .5566 '~~ . 
Beg. Dis. .0247 .. 0412 .o.lt.25 .. 0.837 ... 
0.6 Pos. .0.423 .0.652 .. 0.487 .1139 .0259 .02-3 .1-77 .1720 Beg. Con. .. 0.592 .0987 .'0.680 .1667 .0376 .. 0.376, .21~ ·~525 
1: .1336 .10.36 .2372 '.o6l9 .. 3626 ·.~2\5 
Beg. D18. .. 0.199 .0284 .. o.~ .0.750 
0 .. 7 Pos. .. 03~1 .. o.~ .. 0.533 ..0977 .0273 .0.256 .. 100; .1259 lIeg. Con .. .. 0478 .0683 .o.7~ .1~ .0.397 .0.397 , .1Je.5~ . . , .._11355.-
1: .0918 .1l3~ .2052 .. 065~ ·.2~ ·3114 
lIeg. D18. .0.161 .. 0.201 .0479 .0680 ... 
o..B Pos. .0276 ·0.310. .0548 .0858 .. em? .0.260 .0699 ·0959 Reg. Con. .0.387 .0.484 .0766 .. 1250 .. oJ4o; .. ~3 .lO17 .1Je.20 
E .. 0645 .. 1166 .1811 .066, '.1716' ~-2'-79 
!leg. D18 .. .. o.1}O .. 0.144- .()1e.77 .o62l. 
0.·9 Pos. .0.224 .o.22l. .0546 .0.767 .0273 .. 0256 .~ .0.754 lIeg. Con .. .. 0;13 .. 0}48 .076; .llll • 0.397 
... o~~ ·0.725 . .ll22 
.E' .. 0462 .1162 • 1624 .. 6& .122} r-~187f) . 
Beg. D18. ,,0.106 .0.106 .. 0466 .. 0572. .... ... 
1.0 Pog. .0.181 .0158 .. 0.533 • 0691 .02611- .02~ .o.}61 .0609 lIeg. Con .. .0254 .• 0254 .. 0.746 .1000 .o.38J1. .• O~ . .,,05~ :,~ E .0333 ..1134 .. 1467 .0632 .0tSti6 
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TABLE 4- (Cont.) 
MOMENTS IN EDGE PANELS. ACCOBDII'G TO ACI METHOD 1 
L :.It span in direction perpendicul.ar to discontinuous edge 
Ratio of L Direction Ll Direction 
Sides Max. Total Slab + Max. i"-ot&l Sl.&b+ 
L Moment Slab Slab Beam Beam Slab Slab l3eam :Beam 
r;. )t)m. )bm. Mom. Mom. Mom. Mom. Mom. Mom. 
Common factor vb2 vb; vb; vb3 '2 vb vb' vb' vb' 
leg. Dis. .01011- .0104- .0616 .0720 
1 Pos. .0118 .0156 .0704 .0860 .0311 .0326 .03119 .0675 
0·9 Beg. Con. .. 0249 .02~ .0985 .12}4 .0452 .• 0502 ,.o5Q8 ..1010 
r. .0328 .1499 .1827 .0828 .6857 .. 1685' 
lIeg. D1s. 
·0099 .. 0099 .0828 ·0921 
1 POSe .. 0169 .. 0148 .0946 .1094 .0364 .0432 .0326 .0758 ().'S lIeg. Cone .0237 ,,0237 .1325 .1562 .0530 .0663 ,.0474, ,.1137 
r. .0312 .2015 .2327 -~-1b95 .o-aoo .. 1895' 
!leg. Dis. .. 0093 .0093 .1l;6 .l229 
1 Pos. .0159 .0139 .l299 .1438 ,,04;3 .0592 .0276 .0868 
0 .. 7 lIeg. Con. .0222 .0222 .1818 .2040 .0629 ·0899 .olfoo ,.l299 
r. .0292 .2766 .}o58 .1491 .0670 .~67 
Beg. Dis. .0104* .0104 .1613 .1717 
1 Pos. .. 0115* .0153 .1844 .1997 .. 0526 .. 08ltJ4. .. 0165 .. 1009 
0:7) Beg. Con. .. 0255* .0255 .2581 .28,6 .07~ .1272 .0242 .1515 
E ,,0328 .3926 84254 .2117 ,,0~7 .. 2;24 
Neg .. Dis. .Oll5* .Oll5 .2393 .2508 
1 Pos. .0193* .0169 .2734 .2903 .0578 .1120 .0096 ..1216 
0·5 Beg. Con. .0280* .0280 .3828 .4108 .0840 .li680 .. 0138 .1818 
E .0,63 .5822 .61.85 .2800' :-02}4' ~30341 
*From the requirement on minimum amount of l.ongi tudinaJ. reinforcement 
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'fABLE 5 
ItOHDI!S Dr C0KD8 PAIIIS ACCCIUI:ID TO ACI MI!BOD 1 
L D spall in the fIhort direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + MIx. Tot&l Slab + 
L )Ib_nt Slab Slab Beam Bea Slab Slab Beam Be_ 
~ Ibm. M:>m. Mom. Iba. lb •• Mom. Mom. Ifom. 
COBaOD factor vb2 vb' vb' vb' vb"§. Vb' vb' vb' 
:leg., Di8. .0370 .07Jw .0139 .0879 .. 0123* .0123 .. 2;J1.3 412~ 
0·5 Pos .. .. 0635 .1230 .0159 .1389 .0212* .0199 .2677 .. 2876 lIeg. Con. .0889 .1778 ..0222 .2000 .0296* .0296 .37~ .4<>44 
1: .2461- .0338 .2799 .~ .5701 .6105 
lIeg. Dis. .0293 .0J.88 .. 0308 .0196 .0122 .0122 .155. .1676 
0.6 Poa. .0503 .0807 .0352 .ll59 .0209 .0190 .1716 .1972 leg. Con. .070~ .ll73 .01193 .1666 .0292 .0292 .2JW36 .2778 
1': .1620 .0750 .2370 .0398 .3782 .~180 
lIeg. Dis. .02~2 .O~ .. 0375 ..0721 .0132 .. 0132 .1078 .12l0 
0.7 Poa. .~11e. .0566 .0429 .0995 .0226 ,,02].2 .1231 .1~; Beg. Con. .0580 .0829 .0600 .1429 .0316 .0316 .1724 .2Olto 
1: .1lJw .0913 .2053 .0431 .. 2622 ,,}o53 
hg. D1s. .0200 .0250 .0406 .. 006 .0138 .0138 .0769 .0907 
0.8 Pos" .0,", .0409 ,,0464 .0873 .02}6 .. 0221 .0879 .ll.OO leg .. Con. "o48l .0601 .~ .l25O .0;;1 .0331 .1231 .1562 
1: .0825 .0988 .1813 .0450 .1872 .2322 
Beg. Dis. .0167 ,,0186 .Ql3.11 .060; .01lw .01~ .0562 .0102 
0·9 Pos. .0286 .O}OO .0476 .0176 .0240 .0225 .0642 .0861 leg. Con. "OlKX> .~ .0661 .llll .0336 .0336 .0900 .12,6 
l:' .0608 .1014 .1622 ,,0458 .. 1368 .1826 
lIeg" D18. ,,0139 .0139 .0417 .0556 .0139 .01'9 .0417 .. 0556 
1 .. 0 Pos .. .0238 .022; ,,0476 .0699 .0238 .0223 .0J4.76 .0699 leg. Con. .0333 .03'3 .0667 .1000 .0333 .0"3 .0667 .1000 
1': .0454 .101"" .11t68 .0454 .1014 .1~ 
«From the requirement on minimum amcnmt of loDg1tud1D&l re1nf'orcaent. 
~6 
K>MD'fS Dr PAULS OOftDUOUS A'f TWO OPPOSID :IDGB6 ACOOBDIIG 
m ACI METHOD 1 
L III!II span in the eontixmous direction 
Ratio ot L Direction ~ Direction 
Sidell Max. Total Slab + Max. Tot&l. Slab + 
L it:>ment Slab Slab Beam Be_ Slab Slab Beam Be_ 
x;. Mom. Mom. Mom. )ba. Mom. Mom. Mom. Ifoa. 
COalOn factor vb2 vb' vb; vb; vb"§. vb; vb' vb' 
leg. Dis. 
·0099* .0099 .2Ja.27 .2526 
0·5 Pos. .0593 .. 1l86 .0065 .1251 .0198* .0113 .4855 .5028 lIeg. Con. .0862 .172~ .Q095 .1819 
L .. 2910 .0160 .}o70 .0272 .. 1282' .15"~ 
lIeg. Dis. 
·0095* .. 0095 .1651 .. 11ie.6 
0.6 Pos. .0511. .0952 .. 0090 .lO42 .. 0190* .. 0166 ..3~2 .. ;~ lIeg .. Con. .0830 • 138} .013g .1515 
E 
.2335 .. 0222 .2557 ':0261 .4953 .521ij: 
lIeg. DiB. 
·0097 ·0097 .. ll78 ·1215 
0.1 Pos .. .0512 .0131 .0162 .0893 .0194 .0110 .2351 ·2521 lIeg. Con. .0745 .1064 .0235 
·1299 
1: .1795 .0'97 ~-2r92 .. 0261 .5535 .,1302 
Beg. Dis. .0105 ..0105 .0871 .0976 
0.8 Pos .. .. oll-33 .0541 .0240 .0181 .. 02ll .0185 .. 1742 .1927 Beg .. Con. .. 0630 .07~ .. 03~ ·1l37 
1: .1329 .. 0589 .1918 ;0290 .201;' .2903 
Beg .. Dis. .Oll; .Oll3 .0659 .0772 
0·9 Pos. .. 0373 .0414 .0280 .. 0694- .0225 .0197 .1318 .1515 Beg. Con. .0543 .0603 .0407 .1010 
~ :-1011 .0687 .170Ji: .0310 ~19TT .22137 
:leg. Dis. .0117 .0117 .0508 .0625 
1.0 Pos. .0324 .032lt. .0301 .0625 .0235 .0206 .1015 .l22l leg. Con .. .. 0471 .. 0471 .. 04;8 ·0909 ... 
1r" 
.0795 .0139 ~-1534 - .. 0323 .. 1523 .. 1846 LI 
-Ifrom the requirement on m;1n1mnm amount of lcmgi:t~d1nAl reiDforeeaant. 
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TABLE 6 (Cont .. ) 
HJMDTS III PABLB COftIlUOUS AT 'lW OPPOSITE EDGES ACCOIU')IIG 
TO ACf. MftIOD 1 
L:II spall in the continuous direction 
Ratio ot L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab+ 
L M:>ment Slab Slab Beam Beam Slab Slab Beam BeUl 
~ Mom. Mom. It>m. Mom. Mom. Ibm. Ibm. It>m. 
Common tector vb2 vb' vb' Vb3 '2 vb vb' vb' vb3 
Beg. Dis. .. ... ... .01~ .0166 .0529 .0695 
1 Poa. .0343 .0343 .olI.29 .0772 .0298 .0294 .. 1058 .1352 
0 .. 9 Beg. Con. .. 0498 .0498 .. 0624- .. 1122 
E .0841 .10'53 '.1"894 .blf6O .. 1587 . ~2047 
Beg. Dis. .0189 .02,6 .0545 .0181 
1 Pos. .. 0356 .0356 .0620 .0976 .. 0378 .0425 ,,1091 .1516 
o:s Beg. Con. .. 0518 .. 0518 .. 0902 .. 1420 I 
1: .. 0874 .1"522 ,,2396 .0661 ',,1636 --.-2291 
liege Dis .. .. 0240 .. 0343 .0549 .. 0892 
1 Poa. .036»4- ..036»4- .0912 .1276 .O~l .0621 .1098 .1725 
0·7 lfeg. Con. .. 0529 .052.9 .1327 .1856 
1: .01393 .2239 "31;2: ·0970 .. 16J1.1 .2617' 
lieg .. D1s. .0306 .0510 .0531 .l.04l. 
1 Pos. .0358 .0358 .1379 .1737 .06l2 .09-" .. 1063 .2007 
'O:b Beg. Con. • 0520 .02~ . .2005 .2525 
1: .0878 .,.,-84 .4262 .1~54 .1594 . .;01iB 
lIeg. Dis .. .0392 .0784 .0466 .1250 
1 Pos. .. 0333 .0333 .. 2168 .2501 .078l4. ..11&.70 .0933 .. 21603 
0 .. 5 Beg. Con .. .0484 .0484 .3153 .3637 
t .0817 .. 5321 .6138 .2254 .. 1399 ~'-65-' 
TAllLE 1 
Ratio ot L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab + 
L Moment Slab Slab Beam :Beam Slab Slab Beam Be_ 
~ Mom. Mom. Ii:>m. Mom. Mom. Ibm. Mom. Ibm. 
COlDOn factor vb2 vb' vb3 vb' vb~ vb3 vb' . vb' 
lreg .. Dis. .o}85 .0170 .0095 .0865 .0128* .0128 812}92 ·2520 
0·5 Pos. .0660 .. 1320 .0109 .1429 .. 0220* .0206 .)0.785 .4991 Beg .. Con. .0924 .181;.8 .0152 .2000 ~ 
E .. 2601 .0232 .28'3 .0'34 .11TI .1511 
lIeg. Dis. .0350 .0583 .0166 .0749 .. 012; .012; .161; .1736 
0.6 Pos. .0601 .1002 .0189 .1l91 .02Je.7' .0232 .3226 81}458 leg. Con. .0841 .1402 .0265 .1667 
~ .. 1973 ..~ .2371 .0355 .. ~ .519le-
leg. Dis. .0288 .0411 .0215 .0686 .0139 .0139 .ll}6 .. 1275 
0.7 Pos. ..olI94 .0706 .O'1~ .lO2O .0278 .O26l .2273 .25'-lIeg8I Con. .0692 .0989 .oJeJw .1429 
E .1391 .0670 .206l .olK>o .~ .:5809 
Beg. Dis. 8102~; .O}OJe. .0326 .0630 .oliU3 .O1~ .0828 .0976 
o.B Pos. ..o)e.16 ..0520 .0372 .0S92 .0297 .0278 .1656 .. 1934 leg. Con .. .0583 .0729 .0521 .1250 
E .. 1026 .. 0793 .1819 .0426 .2158J+ .2910 
Beg .. Dis. .0207 .0230 .03~ .0579 .0156 .0156 .o6l6 .. 0772 
0·9 Pos. .0355 .0394 .0399 .. 0793 .. 031.2 .0293 .1232 .1525 leg .. COD. .olI97 ..0552 .0559 .llll 
~. 
.0777 .0850 .l.627 .. <>"9 .18118 .2297 
leg. D1a. .0176 .. 0176 .. 0}6l .0537 .0159 .0159 .0466 .0625 
1.0 Pos. .0302 .0302 .0412 .071~ .0318 .0298 ·0932 .1230 leg. Con. .0423 .~; .0577 .1000 
E 
·0595 .0878 811l4.73 .0457 .l398 .1855 
~ the requirement on minimum 8IIIOWlt of longitudinal n1Dfercm!D't. 
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TABLE 7 (Cont.) 
~ II ImD PA.IELS ACCORDIlfG '.00 ACI ME'mOD 1 
L :: span in direction perpend1cular to cont1nuous edse 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Sl.ab+ 
L Mlment Slab Slab Beam Beam Slab Slab Beam BeU1. 
~ )bm. It>m. Mom. )t)m. Mom. Mom. Mom. Mom. 
Common tactor vb2 vb3 vb3 vb' ·2 vb vb3 vb' vb' 
leg .. Dis .. .0182 .. 0182 .0498 .. 0680 .0195 .0217 .oJi.77 .0694 
1 Pos. .0;12 .. 0;12 .0570 .0882 .0391 .. 0410 .0954 .1364-
0·9 lfeg. Con. .. 0437 .0437 .0798 ..12;5 
t .0615 .1214 .. 1829 .. 0627 .1"';1 .. 2058 
Beg. Dis. .. 0185 .0185 .0699 .. Ow.. .02-'2 .0;03 .0479 .07ae 
1 Pos. .0317 .0317 .0799 .1ll6 .0484 .0575 .0958 .. 15;; 
o:E Keg .. Con. .0444 .. 0444 ·1ll9 .1563 ... 
t • 0625 .1102 .2327 .. 0878 .1437 .. 2315 
leg" Dis .. .. 0182 ,,0182 ,,1003 .. 1185 .. 0299 .0427 .0Je.66 .. 0893 
1 Poa. .0312 .. 0312 .1146 .1--58 .0598 .0817 .. 0932 .1749 
0·7 leg. Con. .04;7 .. 0437 .1604 .2041 
t .0615 .2441 .;056 
.12" .1398 .2642 
Reg. Dis. .0173 .0173 .1418 .1651 .0370 .0617 .oAl.25 .lO42 
1 Pos. ·0296 ·0296 .. 1689 .1985 .0140 .1181 .0850 .2037 
o:b Beg. Con. .0414 .041'" .2364 .2778 
t .0583 .3597 .4180 .. 1804 .1275 .}019 
Keg. Dis .. .0155* .. 0155 .2268 .2423 .0465 .Q9}O .0319 .1249 
1 Pos. .0310* .• 0310 .2591 .2901 ·0931 .1804 .0638 .. 2"2 
0 .. 5 Beg. Con. .0372 .0372 .3628 .4000 
t ..0568 .. 5519 .. 6087 .2734 .. 0957 .3691 
*From the requirement on minimum amount of long! tudinal reinforcement .. 
a.rABLE 8 
K>MEHTS II' ISOLAmDPAIELS ACCORDllIG TO AClMETJlOD 1 
L := span in the short direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab + 
L )t)ment Slab Slab Beam Beam Sl.&b Slab Beam :Beam 
~ Mom. )bm. Mom. Mom. Mom. Mom. Mom. Mom. 
COBlDOn factor wb2 vb' vb' vb' vb~ vb3 vb3 vb3, 
lIeg. Dis. .0555 .lllO .0139 .12169 .0185* .. 0185 .. 2342 .2527 
0·5 Pos. .llll .2222 .0218 .2500 .0370* .0370 .4685 .5055 Beg. Con. 
E ·3332 .. 0417 .37119 .0555 .1027 .7582 
lIeg. Dis. .0440 ..0733 .. 0308 .lO~l .0182 .0182 .. 1554 .1736 
0.6 Pos. .0880 .. 1461 .0617 .20813- .0365 .0365 .. 3108 .. 3~13 Beg .. Con. 
E .. 2200 .0925 .;l25 ..0547 .~ .5209 
Beg. Dis. ... 0363 .. 0519 .0375 .0894 .. 0197 .0197 ' .10TI .1214 
0 .. 1 Pos. .0725 .. 1036 .0150 .. 1786 .. 0395 .. 0395 .2155 .. 2550 lIeg4II Con. 
E .1555 .1125 .2680 .0592 ·3232 .. 3824 
Beg .. Dis. .0300 .0375 .. 0406 .. 0781 .. 0207 .0207 .0769 .0976 
0.8 Pos .. .. 0601 .. 0751 .08ll .1562 .. ()It.14 .0414 .1539 .1953 lIeg .. Con. 
E .1l26 .121.7 .234; .0621- .2;08 ·2929 
Beg. Dis. .0250 .0278 .0417 .0695 .0210 .0210 .0562 .0172 
0·9 Pos .. .0500 ..0556 .0833 .1389 .. o~ .0420 .. 1124 .1544-Keg.. Con. 
E .. 08}4 .. 1250 .2084- .06}O .1686 .2316 
lfeg. Dill. .0208 .. 0208 .0411 .0625 .0208 .. 0208 .0417 .. 0625 
1.0 PoSe .. 0417 ..0417 .08}3 .1250 .. 0411 .0417 .~3 .1250 Beg. Con. 
E .0625 .. 1250 .1875' .0625 .. 1250 .. 1815 
*From the requirement on minimum amount of longitudinal reinforcement. 
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L • span in the sbort direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab. + 
L )foment Slab Slab Beam Beam Slab Slab Beam lleam 
~ Mom. Mom. Mom. Mom. Mom. Hom. Mom. Ibm. 
Common factor wb2 vb' vb' vb' vb2 vb' vb' vb' 
:leS. Dil .. 
0·5 Pos .. ..062 .. 1037 .olI-17 .. 1Jt.5Jt. .025 .0206 .. 2290 .. 2Jt96 lies. Con. .083 .1383 .. 0606 .1989 .033 ..0275 .. 3331 .;606 
1: .. 2~ .. 1023 .3443 .. o48l .562l .6102 
lIeg. Dis. 
0.6 Pos. .047 .0656 .. 0417 .. 1073 .. 025 .0206 .1527 .1733 Beg. Con. .. 063 .0875 .. 0606 .. 1481 .033 ..0275 .. 2220 .2495 
t .1531 .1023 .2554 .. 048l .:51la-7 .4228 
lIeg. DiB. 
-
0.7 Pos .. .041 .. 0491 .0417 .0908 .025 .0206 .1066 .l272 Beg. Con. .055 .0655 .0606 .1261 .. 033 .0275 .1551 .1826 
t ,,1146 .. 1023 .216<) .~1 .2617 .3098 
lies. Dis. 
O.S Pos. .. 036 .0375 .. 0417 .0792 .. 025 ..0206 .. 0768 .097~ Beg. Con. .048 .0500 .0606 .11.06 .033 .0275 .1ll7 .. 1}92 
1: .. 0875 .1023 .1~8 .. 0481 .. 1885 .. 2366 
lieS. Dis. 
0·9 Pos. • 030 .. 0278 .. 0la-17 .. 0695 .025 . .0206 .0563 .0769 lIeg. Con. .040 .0370 .0606 .0916 .. 033 .. 0275 .. 0819 .1091;. 
E .06Jt8 .1023 .. 1671 .o48l .1382 .18fi3 
leg .. Dis .. !D 
1.0 Pol. .025 .. 0206 .0417 .0623 .. 025 .. 0206 .011-17 .0623 leg. Con. .033 .. 0275 .0606 .0881 .033 .. 0275 .0606 .o88l 
1: .. 0481 .. 1023 .1504 .o48l .1023 .. 1504 
~LllO 
)l)MEIfS III EDGE PAlmLS ACCOBDIm !'O .leI MBmOD 2 
L :: span in direction parpeDd1eular to 418COnt1l'.l\1OWJ ~e 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total. Slab + 
L Moment Slab Slab Beam Beam Slab Slab Beam. Be_ 
~ )t)m. Mom. Ii>m. )bDl. Mom. Mom. Mom. Mom. 
CODDOn factor yb2 vb' vb' vb' vb2 vb' vb' vb3 
lleg. Dis. .042 .0709 .0417 .1126 
Pos. .~ .106; .0476 .15;9 .031 .0257 ·2290 .2547 0·5 leg. Con. .085 .1417 .0667 .20811- .041 .q~ .,-,,1 .;6U 
~ .2lll .1014 .;1.25 .0599 ·5~ ·.6220 
leg. Dis. .0;5 .0479 .0417 .0896 
0.6 Pos. .052 .0719 .0476 .1195 .031 .~ .1527 .17~ leg. Con. .069 .0958 .0667 .1625 .041 .0 .2220 .2562 
:E .. 1429 .1014 .2"3 .05"99 ;37J4.7 .. 43~ 
:leg. Dis. .031 .0369 .0417 .0786 
0.7 Pos. .oJI.7 .0554 .0476 .1030 .031 .0257 ..1.066 .1323 Beg. Con. .062 .0738 .0667 • 11K) 5 .041 .O}42 .1551 .1893 
:E .lO99 .1014 .2113 .0599 .-26l7 -.-3-n6 
lIeg. Dis. .027 .0287 .0417 .0704 
0.8 Pos. .041 .0430 .0476 .0906 .031 .0257 .0768 .1025 
_leg. COD. .055 .0513 .0667 .12lK> .041 .O~ .1ll7 .1459 
:E .0856 .1014 .18'70 .0;99 .1"885 .21&. 
Neg. DiB. .024 .0222 .0417 .0639 
0·9 Pos. .0;6 .. 0333 ,,0476 .0809 .031 .0257 .0563 .0820 leg. Con. .048 .0444 .0667 .llll .041 .0342 .. 0819 .1l61 
E .. 0663 .. 101la. .1677 .. 0599· .-1382 :1981-
lIeg. Dis. .021 .0111 .0417 .0588 
1.0 Pos .. .031 .0251 .0476 .0133 .031 .0257 .0417 .0674 lIeg. Con. .041 .03~ .0661 .1009 .041 .0342 .0606 .• 0948 
~ .0511 .101la. .1525 .0599 .1023 .1622 
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TABLE 10 (Cont.) 
MOMaTS IIi EDGE PAIELS. ACCORDING TO ACI MftHOD 2 
Ratio of L Direction Ll Direction 
Sides Max. Total. Slab + Max .. Total. 5J..ab+ 
L M:>ment Sl.&b Slab Beam Beam. Slab Slab Beam BeU1 
~ Mom. Mom. Mom. Mom. Mom. Mom. Mom. Mom. 
Common factor wb2 vb; vb; vb; '2 vb vb; vb' vb; 
leg. Dis. .021 .0171 .056; .on4 
1 Pos .. .031 .0257 .064; ·0900 .. 0;6 .0;;; .0417 .0750 
0·9 leg. Con. .041 .0;42 .. 0901 .12~; .O~ .0laJt4 .0606 .1050 
E .. 05ll .. 1370 ..1881 .. 0777 .. 102; .1800 
Beg. Da. .021 .. 0171 .0768 .0939 
1 POSe .. 031 .. 0257 .. 0877 .. 1l;4 .. 0~1 .. 0430 .0417 .. 08ll.7 
o:-s leg. Con .. .. 041 .. 0342 .1228 .1570 .055 .0513_ .0606 .ll79 
E .. 05ll .1868 .. 2379 .1003 .. 1023 .2026 
leg .. Dis .. .. 02l. .0171 .. 1066 ..1237 
1 Pos. .0;1 .0257 .121.8 .1475 .047 .0554 .0417 .0971 
0·7 leg. Con. .041 .. 0;42 .1706 .2048 .. 062 .. 0738, .. 0606 .1;44 
t .. 051.1 .. 2595 .;106 .l292 .102; ' .. 2;15 
Beg .. Dis .. ..021 .. 0171 .1526 .1697 
1 Pos .. ..031' .. 0257 .1745 .2002 .052 .0719 .. 0417 .11;6 
o:b leg. Con. .041 .0;42 .. 2442 .2784 .. 069 ·0958 .0606 .15611-
1: .. 05ll .;715 ..4226 .1671 .. 1023 .. 2700 
Keg .. Dis .. .02l. .0171 .. 2289 .. 2460 
1 Pos .. .. 0;1 .0257 .. 2617 .2874 .064 .1063 .0417 .l~ 
0.5 Beg. Con .. .041 .0;42 .;664 .~6 .085 .1417 .0606 .2023 
1: .05ll ·5572 .6083 .2480 .102; ·;503 
DBLIll 
K»m1ft'B III Ccma:a PADLS ACCORDDIG !'O M!I M!'lBOD 2 
L • span in the short direction 
Ratio of L Direction ~ Direct10n 
Sides Max. Total Slab + Max. Tot&l Slab + 
L )i)ment Slab Slab Beam Beam Slab Sl.ab Beam Bec 
~ Mom. Mom. :M:>m. Mom. Mom .. Mom. Mom .. Mom. 
Coauon factor vb2 vb' vb3 w3 vb2 vb' lit;' vb' 
lleg. Dis. .045 .0150 .ol;.11 .1161 .025 .0204 .2292 .2la96 
0 .. 5 Pos. .068 .1125 .0416 .1601 .037 .o}06 .2620 .2926 lIeg. Con. 
·090 .1500 .0667 .. 2161 .. o~ .. olK>8 .3667 .4075 
1: .. 2233 .1014 .32"1 .0608 .5578 .6186 
leg. D1s. .. 039 .. 0542· .0417 ..0959 .025 .. 020Je. .. 1528 .. 1732 
0.6 ... Pos. .059 .o8l2 .. 0476 .1288 .. 037 .o}06 .17Ja.6 .2052 Beg .. Con. .. 018 .1083 .. 0667 .1750 .049 .. olK>8 .21t45 .. 285; 
1: .. 16l.2 .1014 .. 2626 .0608 .. 3718 .4326 
lIeg .. D18 .. .036 .0423 .0"17 .08!to .. 025 .0204 .. 1067 .l271 
0.7 Poe. .05ll- .. 06}1e. .. 0416 .lllO .. 037 .. 0306 .. l22O .. 1526 lleg .. Con .. .. 071 .. 0846 .. 0661 .1513 .049 .. 01eo8 .1107 .2115 
1: .1260 .1014 
.227- .0608 .. 2597 .3205 
Keg. D1s .. .032 .0333 .. 0417 .. 0750 .. 025 .. 0204 .. 0769 .. 0973 
0.8 Pos. ..0lt.8 .. 0500 .. 0476 .0976 .. 031 '..;:0}06 .0878 .. ll~ Beg .. Con. .0611- .. 0667 .. 0667 .. 1334 .049 .0408 .1230 .. 1638 
1: .. 0995 .1014 
·2009 .0608 .1870 .2478 
Beg .. Dis. .028 .0264 .0417 .0681 .025 .0204 .. 0563 .0767 
0·9 Pos. .043 .0396 .0416 .0872 .037 .0306 .. o64lI. ·0950 Beg .. Con. .. 057 .. 0528 .0667 .. 1195 .. 049 .olK>8 .0901 .. 1309 
tE, , 
.0187 .. 1014 .1801 .0608 .. 1371. ..1979 
Beg. D111 .. .025 .0204 .~17 .o62l .025 .0204 .. 0417 .o62l 
1.0 Pos. .031 .0306 .0476 .0182 ,,037 .0}06 .0416 .0782 leg. Con. .049 .o~ .0667 .1075 .049 .olK>8 .0667 .1075 
1: ..0608 .1014- .1622 .0608 .1014 .1622 
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MOMDTS III P.A:D.LS OOITDWOS AT 1'WO OPPOSID IDGBS ACCOBDDG 
TO ACI MftBOD 2 
Ratio of L Direction ~ Direction 
Sides Max .. Total. Slab + Max .. Total 
L Moment Slab Slab Beam Beam mal> Slab Beam 
~ Mom .. Mom .. M::>m. Mom. Mom. Mom. Dba. 
Common factor wb2 vb' vb3 vb' wb2 vb; vb' 
)leg. Dill. .025 .. 0204 
·2292 
0 .. 5 Pos .. .068 .1125 .. 0417 .1S1e.2 .031 .0306 .45S, Beg. Con. .090 .1500 .0606 .2lO6 
1'.: .2625 .102; ~361i8 .. 0510 .. bB75 
lIeg. Dis. .... .. 025 .. 0204 ,.1528 
0.6 Poa .. .059 .08l.2 .. 0411 ·1229 .031 .0306 .3055 Beg. Con. .018 .1083 .0606 .. 1689 
,1: .1~5 .102; .291tl .0510 .. 45H3 
Beg. Dis. .025 .. 0204 .1067 
0.1 Pos. .054 .0634 .0411 .1051 .031 .0;06 .2134 lIeg. Con. .. 071 .. oat.; .0606 .. 1451 
t ..1.16-19 .102; ~2502 .. 0510 ~;201 
Keg .. Dis. .025 .. 0204 .0768 
0.8 Poe. .. 048 .. 0500 .. 0411 ·0911 .. 031 .. 0306 .. 1537 leg .. CODe .. 064 .0667 .0606 .1213 
1'.: .1167 .1023 .2190 ~O510 .2305 
Ifeg .. Dis. .. 025 .. 0204 .0563 
0 .. 9 Pos .. .. 04; .0;96 .. 0411 .081; .. 031 .0306 .1127 lIeg. Con. .057 .. 0528 .. 0606 .ll;4 -
.t .. 0924 .102; .1947 .. 0510 -~1690 
Beg .. Die. .. 025 .0204- .0411 
1 .. 0 Pos .. .. 037 .0306 .oJI.11 .0123 .. 0;7 .. 0306 .08;3 leg. Con .. .. 049 .0408 .0606 .. 1014-
t .. 0714 .. 1023 .. 1737 ..0510;' .. 1250 
Slab + 
:Beam 
)bm. 
vb; 
.. 2~ 
.4889 
.. 7385 
.17;2 
.. 3361 
-
.5093 
.1271 
.2~ 
.. ;711 
.0972 
.1aa..; 
.21315 
.0161 
.. 1433 
i 
.2200 
.. 0621 
.11;9 
-.-1760' 
'!ABLE 12 (Cont.) 
MOMBftS IN. PAlIELS colmuous AT TWO OPPOSID EDGJ:S ACCORDIIG 
1'0 1£1 MIflHOD 2 
L = span in the continuous direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab+ 
L Moment Slab Slab . Beam Beam Slab Slab Beam BeUl 
~ Mom. Jt>a. Mom. Mom. Mom. )ba. )bID. )bm. 
CoDaon tactor vb2 vb; vb' vb' '2 vb vb' vb' vb' 
, leg. Dis. .028 .0264 .0417 .. 0681 
1 Pos. .. 0;7 ..0;06 .. 056; .. 0869 .. ~, .. 0;96 .083; .l229 
0 .. 9 leg. Con .. .049 .0408 .0820 .l228 
L .0714 .. 1;8; ·2097 .0660 .1250 .1910 
lIeg. D18. .. 032 .0;;; .0417 .. 0750 
1 Pos .. .. 0;7 .0;06 .0768 .1074 .0.\8 .. 0500 .oB}; .1;3; 
o:B lIeg .. Con .. .~ .olto8 .. 1ll8 .1526 
1: .0714 ..1880 .. 2600 .. 0833 .1250 .2083 
Beg. Dis. .. 0;6 .042; .0411 .. oBJw 
1 Pos. .031 .0;06 .. 1067 .. 1313 ..05~ .06;4 .08;; .1461 
0·1 leg. Con .. .. ~ .. 0408 .. 155; .1961 
L .0714 .2620 .. ;;311- .1051 ·1.250 .2307 
Beg. Dis. .0;9 .. 0542 .. 0411 .0959 
1 Pos .. .. 0;7 .0;06 .1528 .. 18}4 .059 .. 0812 .. 0833 .. 1645 
o:b lIeg. Con. .049 .0408 .222; .2631 
1: ';0714 .3151 .4465' .1;54 .1250 .2664 
lIeg. Dis .. .. 045 .0150 .0417 .1167 
1 Pos. .0;7 .0;06 .2292 .2598 .068 .1125 .0833 .. 1958 
0.5 leg. Con. .~ .. ~ .. ;;;; , .;7.!1:1 
1: .. 0714- ':5-625 -.6;;9- .1trT5' .. 1250 .. ;125' 
!!!ABLE 13 
K>MDTS IB DO PADLS ACCORDIIGIfO 1£1 Nl'fHOD 2 
L ::: span in direction perpendieu1.&r to continuous edge 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab + 
L Moment Slab Slab Beam Beam S1al> Slab Beam Beu 
~ M:>m. )bm .. Mom. Mom. Mom. Mom. Mom. Mom. 
Common factor wb2 vb' vb' vb3 wb~ vb' wb:3 vb' 
lIeg. Dis. 
.049 .0817 .0417 .1234 .029 .02~ 
·2292 • 253lf. 
0 .. 5 Pos .. .. 074 .1233 .0476 .1709 .044 .0367 .. 4583 .~50 lIeg. Con. 
.098 .1633 .0667 .2300 ... 
1: 
.2"-1 .1015 .3456 .. 0609 
·6875 • 7~ 
lIeg. Dis. 
.045 .0625 .0417 .1042 .029 .0242 .1528 .1T'{0 
0.6 Pos. .068 .09"- .0476 .1420 .~ .0367 .3056 .3423 lIeg. Con. 
·090 .1250 .0667 .1917 
1: 
.1868 .1015 .2883 .. 0609 .l;.5SJ.. .5193 
lIeg. Dis .. .. 041 .ole88 .. 0417 
·0905 .029 .0242 .1067 .1309 
0.7 POSe .062 .0738 .0476 .1214 .. 0" .0;67 .. 213le. .. 2501 lIeg .. Con. .082 .0976 .0667 .1~; 
1: 
.. 1460 .1014 .2474 .0609 ·3201 .;810 
Keg .. Dis. 
.037 .. 0385 .0417 .0802 
·029 .. 02~ .0768 .1010 
0.8 Pos. .056 .058; .. 0'76 .1059 .0" .. 0367 .. 1536 .1903 Deg. Con. .074 .0171 .0667 .. 1438 
1: .ll53 .1014- .2167 .0609 .2;ol¥. .. 2913 
.leg. Dis. .033 .0;06 .0417 .0723 .. 029 .. 0242 .. 0563 .0805 
0 .. 9 Pos. ,050 .0let)3 .0476 .. 0939 .o~ .0,67 .1126 .. 1~3 Neg. Con .. .066 .0611 .0667 .1278 
;E 
·0915 .1014 .1929 .0609 .1689 .2298 
Keg .. Dis. .. 029 .0242 .. 0417 .0659 .. 029 .. 0242' .0417 .0659 
1.0 Pos .. .0" .0,67 .01&.76 .08Je., .044 .0367 .08;3 .. 1200 Beg. Con. .058 .048; .0667 .. 1.150 
L .. 0724 .. 1015 .. 1739 .. 0609 .1250 .18;9 
~ 13 (Cont.) 
MOMIlftS D BID PABLS ACCORDDG !'O ACI MftBOD 2 
L lIZ span in direction perpendicular to ecmt1Jmm.uJ edge 
Ratio of L Direction Ll Direction , 
Sides Max. Tot&1 Slab + Max. Total. Slab+ 
L Moment Slab Slab :Beam Beam Slab Slab Be_ Beam 
~ Itml. Mom. Mom. Mom. Mom. )bm. Mom. Mom. 
Common factor wb2 vb; wb3 vb3 "2 vb vb; vb' vb3 
leg. Dis. .029 .021;.2 .056; .0805 .033 .o}06 .0_17 .0723 
1 Poli. .. 0" .0;67 .06IK • lOll .050 .0463 .0833 .l296 
0·9 lIeg. Con. .. 058 .048; ·0901 .1384. 
1: .0724 .1371 ·2095 .0769 .1250 .2019 
lIeg. Dis. .. 029 .02~ .0168 .l.O10 .037 .0385 .oJl.17 .0802 
1 Pos. .0411- .0367 .. 0878 .. 12~5 .056 .. 0583 .0833 .1416 
o:g Beg .. Con. .058 .048; .l229 .1712 -
1: .0724 .1870 .2594 .0968 .1250 .221.8 
leg. Dis .. .029 .0242 .. 1067 .1;09 .041 .~ .()1e.17 .. 0905 
1 Poli. .oltJI. .0367 .. 1220 .1587 .. 062 .0738 .08;3 .1571 
0 .. 7 leg. Con. .058 .0483 .1107 .2J.9O -
1: .. 0124 .2598 .3322 .l226 .1250 .2416 
Reg. Dis. .. 029 .0242 .1528 .1170 .. 045 .0625 .. oJI.17 .lO42 
1 Pos .. .. 044 .. 0361 .. 1146 .2113 .068 .. 09" ..0833 .1777 Q.b Beg .. Con .. .058 .0483 .. 2444 .. 2921 
-
:E .0724 .3718 .4442 .. 1569 .1250 .2819 
lIeg. Dis. .029 .0242 
·2292 .25}4 .. 049 .0817 00417 .1234 
1 Pos. .044 .0367 .. 26l9 .. 2986 .074 .1233 .. 0833 ..2066 
0.5 Beg .. Con. .058 .0483 .3667 .4150 
1: .0724 .. 5578 .6302 .2050 .1250 ·;300 
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TABLE 14 
MDMElrlS II ISOIAmD PABLS ACCORDDG TO ACI MlDtOD 2 
L :II spa.n in the short direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max .. Tot&l Slab + 
L Moment Slab Slab Beam Beam ~ab Slab Beam Beam 
~ . )t)m .. M;:)m .. )i)m. )bDl. Mom .. Mom .. Mom .. )bm. 
CODllOn factor 
. 2 
vb vb3 vb3 vb3 vb2 vb' vb' vb' 
lleg. Dis .. .055 .0917 .. 0417 .1:;:;4 .0;; .0275 .2292 .2567 
0 .. 5 Pos .. .. 08} .. 1383 .. 0833 .221.6 .050 .0417 .4583 ·5000 Beg. Con. 
I: .2}OO .1250 .. ;550 .0692 .6875 .7567 
lIeg. Dis. .053 .0736 .0417 .1l5; .033 .0275 .. 1528 .1803 
0.6 Pos. .080 .llll .08;3 .1944- .050 .0417 .3056 .3473 Beg. Con. ao 
L .1847 .. 1250 .3091 .0692 .4584 .5276 
!leg .. Dis .. .041 .. 0560 .. 0417 .0971 .03; ..0275 .. 1067 .. 131e.2 
0.7 Pos .. .072 .. 0857 .. 083; .. 1690 .050 .0417 .. 21;4 .. 2551 Beg. Con .. 
1: .1417 .1250 .2667 .0692 .;201 .;89; 
Keg. Dis .. .043 .0448 .0417 .0865 ..033 .. 0275 .0768 .1043 
0 .. 8 Pos .. .064- .. 0667 .. 0833 .. 1500 ..050 .0417 .1536 .1953 Beg .. Con. 
I: 
·1ll5 .1250 .2365 .0692 ..2}04 .2996 
Neg~ Dis. .038 .0352 .0417 .0769 .033 .0275 .056:; .08;8 
0 .. 9 Pos. .. 057 .0528 .. 0833 .1361 ..050 .0417 .1121 .15"-Neg. Con. 
I: .0880 .1250 .2130 .. 0692 .1690 .2382 
lteg .. Dis. .033 .0275 .. 0417 .. 0692 .033 .0215 .. 0411 .. 0692 
1 .. 0 POil. .050 .0417 .. 0833 .1250 .050 .. 0417 .. 08}3 .1250 Neg. Con. 
1: .0692 .1250 .. 1942 .0692 .. 1250 .1942 
TABLE 15 
POSITIVE MOMEftS FOR DEAD AID LIVE LOADS ACCClmDG !O MET 
i ~L:wb'§. Type Direction Type 
of Considered of Bd10 of Sides a 
Panel Loading 0.5 aeb 0.7 o .. S . 0·9 1.0 
Short DL .037 .034 .O}O . .. 026 .022 .01.8 
Inter1ar Span LL .066 .O~ :§tt, .041 .. o~ .. 027 PaDe18 Long Dt .0080 .0 .0172 .0 73 .0180 
Span LL .0160 .01.94 ,,0245 .0266 .0272 .0270 
Eclae Panel.8 Short DL .036 .03; 
With One LL 
Sbort Edge Long DL 
Discont1l:n:wu8 Span LL 
Edge Panels Short DL .056 .. 048 .040 .. 032 .. 025 .020 
With One Span LL .. 076 .o~ 
.. ~ .<AA- .0~2 .. 028 Long Edge LoIlg DL .0160 .. oF4 .Ii .023- .. 0235 .0230 
Discont1nU0U8 Span LL .0200 .0250 .. 0286 .0297 .. 0296 .. 0300 
Short DL .059 .053 .046 .. 039 .. 033 .021 
Corner Span LL .077 .O6~ .~ .. 048 .. 039 .. ~ Panels Long DL .0160 .01 Ii .. .6250 .0272 • 0 
Span LL .0200 .0250 .. 0286 .. 0313 .. 0321 .0320 
Pane1.. With Short DL 
Two Short S LL 
Edge. D18- Long DL .. .. 
continuous Span LL .0160 .0194 
Pauel.s Wi til Short DL .. oBo .062 .. 046 .034 .. 025 .018 
Two Long Span LL .088 .o~ :g~~7 .04~ .O~~ :mo Edges Dis- Long DL .6280 .0 .031.3 .. 0296 
continuou Span LL .0280 .0306 .. 0327 .o}41&. .0333 .. 0320 
BDd Panels Short DL .089 
Contin'OlOUS LL 
at a Short DL 
Bd8e LL 
End Panels ~nort DL "6"' .u ..L ..... 1E"6 .. v~ "eo .. .V').L oJI,f . ~ n'Xn .. un I'\"Z."Z. .. VJJ 
Continl¥)WI Span LL .078 .068 .. 060 .~ .. 042 e§i; at a Long !Dns DL .. 0120 .0167 e01.8Ji .. 9 .. 6259 .. 0 
Edge Span LL .. 0200 .. 0222 .0265 .. 0297 .0309 .. 0320 
Short DL .095 .o8l. .. 068 .055 .. 045 .0;6 
Isolated Span LL :;io .. 081 .. 068 :g~~ .04~ .. O~6 Pane1.s Long DL .6218 .0327 .. 03 8 .0 60 
Span LL .0240 .. 0278 .. 0327 .0;59 .. 0358 .. 0360 
* DL = Dead Load; LL ZIt L1 '" Load. 
~16 
MDMElrfS Di lla'IRIOR PAQLS ACCOml[IG it) MET. ~LLLDL • ~l 
L • span in the short direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Tot&l Slab + 
L Moment Slab Slab Beam Beam Slab Slab Beam Beam 
~ )t)m. )bm. Mom. Mom. Mom. Mom. Mom. Mom. 
Common factor lib2 lib' vb; vb; vb2 vb' vb; vb; 
Beg. D1s. 
0·5 Pos. ..0587 .. 0978 .0411 .1395 .. Ollto .Oll7 .2350 .2467 lIeg. Con. .0860 • 11t.;3 .0606 .20;9 .02lio .0200 .. }l6.18 .3618 
E .2411 .1023 .. 3434 .. 0;17 .51$8 .6085 
lfeg .. Dis. 
0.6 Pos. .0520 .0122 .0417 .ll;9 .. 0174 .0145 .1545 .. 1690 Beg. Con. .0810 .1125 .. 0606 .173l. .0278 .02;2 .2248 .2JKk> 
E .1841 .1023 .2870 .. 0377 .3793 .4110 
lIeg. D1s .. 
0.1 Poe. ..0443 ..0527 .0411 .09" .0219 .0182 .. 1033 .. 1215 lIeg .. Con. .0740 .0881 .0606 .1487 .0347 .0289 .1503 .1792 
E .1408 .1.O23 .2431 .0471 .. 25}6 .}oo7 
Beg. Dis. 
0.8 Poa. .0313 .0389 .0417 ,,0806 .0242 .. 0202 .06<)3 .0895 Beg. Con. .0650 .. 0611 .0606 .128:; .0406 .0338 .1009 .1347 
E ..1066 .1023 .2089 .. o5l6O .1702 .2242 
Neg. Dis .. 
.07~ .02~1 .0206 .046:; 0 .. 9 Pos. .0:;10 .0287 .0417 .0669 Neg. Con. .0550 .0509 .. 0606 .. 1ll5 .0444- .0370 .0673 .1043 
.E .0796 .1023 ..1819 .0576 .. 1l;6 .. 1712 
Neg .. Dis .. 
.0248 .0411 ..0624 .0248 l .. O Po .... .0207 .. 0207 .. 0313 .. 0520 Neg .. Con .. .. 0450 .0375 .0606 .0981 .. 0450 .0375 .o!t.55 .08;0 
E .0582 .. lO23 .1605 .0582 .0768 .1350 
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TABLE 17 
MOMEIflS IN EDGE PAIELS ACCOBDDIl TO ~ (LL/DL ~ 3) 
L :: span in direction perpendicu.l.8:r to discontinuous edge 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab + 
L Moment Slab Slab Beam Beam Sl.ab Slab Beam Beam 
~ )t)m. )t)m. Mom. Mom. Mom. Mom. Mom. Mom. 
Common factor vb2 vb' vb' vb' vb2 vb' vb' vb' 
lreg. Dis. 
.0533 .0888 .0417 .1305 
0·5 Pos. .0110 .1183 00416 .1659 .0192 .0160 .2225 .2385 lIeg. Con. .0890 .. 1483 .0667 ..2150 .. 0400 .0333 .3236 .3569 
I: 
.2359 .1014 ·3313 .0493 .5~1 .5954-
lIeg. Dis. .0456 .0633 .0411 .1050 ... 
- -
0.6 Pos. .0608 .0844 .0416 .. 1320 .0236 .0197 .. 1389 .. 1586 lIeg. Con. .0800 .1lll .0667 ,,1778 ,,0500 .0417 .2020 .. 2""37 
1: .1708 .. 1011t. .2722 .. 0614 .3~9 .. 402:; 
leg. Dis. ..0379 .. 0451 .0417 .. 0868 
0.7 POSe .0505 .0601 .0476 .. 1077 .. 0271 .0226 .. 0867 .1093 Beg .. Con. .0680 .0810 .0667 .1477 .. 0592 .olI93 .1262 .1755 
1:: .1225 .1014 .2239 .0719 .2l29 .2848 
Keg. Dis. .. 0:;08 .0321 .0417 .0738 
o.B Pos. .0410 ..0427 .0476 ·0903 .0281 .02:;4 ..0537 .0771 leg. Con. .0~50 .0513 .0667 .1240 .0641 .0534 .. 0781 .1315 
1:: .. 0869 .. 1014 .1883 .0168 .13LS .2086 
:leg. Dis. .. 0244 .0226 .0411 .06ii.3 
0 .. 9 Pos. .0325 .. 0:;01 .0416 .. 0771 .0281 .0234 .0:;32 .. 0566 Neg. Con. .04:;0 .0398 .0667 .1065 .0642 .. 0535 .. 048; .. 1018 
~ .0610 .1014 .1624 .0169 .0815 .1584 
Beg .. Dis. .0195 .0162 .. 0419 .0581 
1 .. 0 Pos. .0260 .0211 .. 0479 ..0696 .0283 .. 0236 .. 041.7 .. 0653 Beg. Con .. .0:;30 .0215 .0610 .0945 .0610 .0508 .0606 .1114 
I: .0434 .1019 .1453 .0744- .. 1023 .1767 
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'fABLE 17 (Cont .. ) 
K>MD'rS IN EDGE PAIELS ACCORDDG TO ME'f (I;L/DL • 3) 
L := span in direction perpendicular to discontinuous edge 
Ratio ot L Direction Ll Direction 
Sides Max .. Total Slab + Max. Total Slab+ 
L 1bment Slab Slab Beam Beam Slab Slab Beam Beam 
~ Mom. Mom. Mom. !t>m. Mom. Mom. Mom. Ibm. 
Common factor wb2 vb3 vb3 vb; '2 vb vb' vb' vb' 
leg .. Dis. .0188 .0157 .0579 .0736 ... 
1 Pos. .. 0250 .. 0208 .0661 .. 0869 .0335 .. 0310 .. 0417 .. 0727 
0 .. 9 leg. Con .. .. 0;09 .. 0257 ,,0926 .. 1183 .. 0680 .06;0 .0606 .1236 
t .. 0413 .1409 .1822 .0940 .. 102; .. 196; 
Beg. Dis .. .0178 .0148 .. 08ll ·0959 
1 POSe .02;8 .. 0198 ..0926 .. 1124- .. 0388 .0404- .0417 .. 0821 
o.s leg. Con .. ,,0266 .. 0222 ·1291 .. 1519 .0750 .0181 .0606 .1;87 
t ..0;82 .. 1973 .2;55 .1185 .. 102; .2208 
leg .. Dis .. .0149 .0124- .1135 .. 1259 
1 Pos .. .0199 .0166 ·1291 .146:; .0458 .0545 .0_17 .0962 
0·7 leg. Con .. .. 0224 .0187 .1816 .2003 .081.0 .. 0964 .. 0606 .. 1570 
t .0;21 .. 216; .;084 .1509 .102; .2532 
Beg. Dis .. .01;1 .0109 ..16;2 .1141 
1 Pos. .. 0174- .0145 .1865 .2010 .053; .. 0140 .0417 .1157 
o:b lieg .. Con. .0161 .0139 .26u .2750 .0850 .ll81 .0606 .1787 
1: .0264 ·;972 .42;6 .. 1921 .. 102; .. 29"-
leg .. Dis .. .0105 .0087 .. 2425 .2512 
1 Pos. .0140 .Oll1 .2771 .2888 .0598 ·0997 .0417 .1414 
0.5 Beg. Con .. .0120 .0100 .,880 .3980 .. 0880 .1467 .0606 .. 201; 
1: .0210 .. ,901 .6ll1 .. 2464 .1023 .;487 
VfABLB 18 
NlKIftS II MBI'D PARIS ACCQRDIIIJ !O MIr( 'UA/m. • ') 
Ratio ot L Direction L.J.. Direction 
Sides .MIx. Total Slab + Max. Total. Slab + 
L Moment Slab Slab :sea :Bea Slab Slab Beam :Be. 
~ Mom. Itml. Mom. Mom. Mom. Mom. )ba. Ita. 
00-..00. factor vb2 vb' vb3 vV Vb2 Vb' vb' Vb; 
IIeg .. Dis. .. ~ ·0907 .0417 • 132lt. .0143 .0119 .2'50 .21&69 
0·5 Pos .. .. 0725 .. l208 .0476 .~ ..0190 .0158 .. 2686 .28lI4 lIeg. Con. .0940 .1567 .0667 .2234 .O2~ .0200 .3760 .3960 
E .. 2Ju.3Ja. .. 101lt. .. ,JeJt8 .0316 .. 5719 .6035 
lIeg. Dis. .oJ.76 .. o66l. .oJi.17 .1078 .0177 .0147 .15Ju.5 .. l.692 
0.6 Pos .. ..0635 .0882 .0416 .1,58 .02,6 .. 0197 .1166 .1903 leg. Con .. .~ .1236 .0667 ..1903 .. 03<)6 .0255 .2472 .. 2727 
E .1819 .. 1014 .28;3 .0;96 .3760 .18.156 
lIeg. Dis. .oleo1 .. 0485 .0».11 .0902 .0203 .0l69 .. 1033 .l202 
0 .. 7 Pos .. .05lt.3 .06116 .0476 .. 1122 .0270 .0225 .1.181 .l~ leg .. Con .. .. o8J.O .09~ .0667 .1631 .0388 .0323 .l653 .. 1976 
t .1360 .. 1014 • 231Je. .ol&68 .2514 .. 2982 
Beg .. Die. .0343 .0357 .. oJI.17 .07111. .. 0223 .0186 .. 0693 .0879 
0.8 Poe .. ..0458 .. 0471 .0476 .. 0953 .. 0297 .. 021e.7 .0792 .1039 ]leg .. Con. .0710 .. 07iK> .0667 .. 1~7 .. 0453 .0377 .1109 .1~ 
t .. 1017 .1014 .20;1 .0524 .l688 .. 22l2 
Beg. Dis. .0281. .0260 .oJs.17 .0677 .0232 .0193 .olI6, .0656 
0·9 Pos. .0375 .0;47 .oJe.16 .0823 .0309 .0257 .0529 ..0786 Beg .. Con. .0600 .. 0556 .0667 .l22; .oIe94 .0412 .071&.1 .115; 
~ .0748 .. 1014 .1762 .055Jt: .. 1127 .168l. 
leg .. Die. .. 0231 .0192 .. 0417 .. 0609 .0231 .. 0192 .0313 :~ 1 .. 0 Pos .. .. 0308 .0257 .0476 .. 0733 .0}08 .0251 .. 0357 Beg .. Con .. .0500 .. ol;.17 .0667 .~ .0500 .olt-11 .. 0500 .. 0917 
E .. 0556 .. lOll;. .1510 .0556 .076J. .. 1317 
·~LB 19 
M.:>MDTS II' PAImLS CQI'mUOUS III TWO OPPOSID.IDGES AOOOBDDiG TO 
MIT ~ILZDL :. ~l 
L :: span in the continuous direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab + 
L Moment Slab Slab Beam Beam Sl.ab Slab Beam Be_ 
~ )bm. Mom. Mom. Mom. Mom. Mom. Mom. It>m. 
COaDOn factor yb2 vb' vb' wb' vb~ vb' vb' vb' 
Beg. Dis. 
.0098 .0082 .2475 .2557 
0·5 Pos. .0600 .1000 .0417 .1417 .0131 .0109 ·~50 ·5059 lIeg. Con. 
·0900 .1500 .0606 .2106 
-E .. 2500 .1023 
·3523 .. 0191 .. 1425 .7616 
leg. Dis. 
..0125 .0104 .1684 .. 1788 
0.6 Pos. .0535 .0743 .0417 .1l60 .0167 .0139 .3368 .3507 lIeg. Con. .0880 .1222 .0606 .1828 
t ,,1965 .1023 .2988 .0243 .5052 .5295 
lIeg. Dis. .. 0146 .. 0122 .. l2l2 .1334 
0.7 Pos. ,,0470 .. 0560 .0417 .0977 .. 0194 .0162 .2423 .. 2585 leg. Con. .0860 .1024 .0606 .16:;0 
I: $1584 .. 1023 .. 2607 ,,0284 .. 36;5 .. ;919 
Keg. Dis. .0161 .0139 .0898 .1037 
0.8 Pos. .0410 .0427 ..0417 .084.4 .. 0223 .0186 .1197 .1983 leg .. Con .. .. 0840 .0875 .. 0606 .1481 
E .1302 .1023 .2325 .0,25 
·2695 ·3020 
Keg .. Dis .. .0176 .0141 .0619 .0826 
0 .. 9 Pos .. .0350 .. 0324 .. 0417 ..0741 .. 0235 .. 0196 .1,58 .1554 lieg.. Con .. .0Boo .0741 .. 0606 .1347 
E ..1065 .1023 .. 2088 .0343 .2037 .2380 
Keg .. Dis. .0186 .0155 .0519 .. 0674 
Pos. ..0:;08 .0257 .0417 .. 0614 .. 0248 .0207 .. 10:;8 .1245 1 .. 0 leg. Con. ,,0750 .. 0625 .0606 .. 1231 
E .0882 .1023 .1905 .0:;62 .1557 .1919 
DBLI 19 (Cont .. ) 
MOMEftS m PAIELS COftIIOOUS AT ~ OPPOSIB :lDGBSACCCIlDIIG !'O 
MI'f (LL/DL = ;) 
L-
Ratio of L Direction L1 Direction 
Sides Max. Total Slab + Max. Total 
L Moment Slab Slab Beam Beam Slab Slab Beam 
T Mom. Mom. . Mom. Mom@ Mom. M;)m. Ibm. ~ 
CODDOn :factor wb2 vb; vb; vb; '2 vb vb; vb' 
leg. Dis. 
.02" .0226 .0535 
1 Pos. .0;25 .0271 .0177 .0448 .0;25 .0301 .1069 
0·9 leg. Con. .0864 ,,0720 .0258 .0978 
t 
·0991 .04;5 .1426 ,,0527 .1604 
leg. Dis. .0;17 .. O;}O .052; 
1 Pos .. ,,0;;6 .0280 .0322 .0602 .042; .. 0"1 ,,1047 
o.a leg .. Con. .0953 .0794 ,,0469 .. 1263 
t .1074 .0791 .1865 .0771 .. 1570 
leg. Dis .. .0407 .0485 "O~l 
1 Pos .. .0;27 .• 0272 .05114- .. 0846 .05~; .06J1.6 .0982 
0·1 lIeg. Con. .1020 .0850 .. 0835 .. 1685 
t .. 1122 .1409 .25;1 .1131 .. 1473 
leg .. Dis .. .. 0516 .0717 .0411 
1 Pos. .0;06 .0255 .1059 .131~ .. 0688 .. 0956 .08}; 
o:b lIeg. Con. ..0972 .0810 .1540 .. 2350 
t .. 1065 .2599 .36611- .. 1613 .. 1250 
Keg. Dis. .. O~5 .1075 .. 0417 
1 Pos. .. 0280 .. 023; .1900 .21;; .. 0860 .. 14;; .083' 
0.5 Beg. Con .. .. 0880 ..0733 .21611- .;491 
t .0966 .466!4. .5630 .2508 .1250 
Slab+ 
Beam 
Mom. 
vb' 
.0761 
.1370 
,,2131 
.0853 
.. 1~ 
.. 2}41 
.. 0976 
.1628 
.. 2604 
.1l3lt. 
.. 1789 
.2923 
.. 1492 
.2266 
.'158 
... 275-
)I)M!IffS D :aD PABLS ACCORDmC !O HI! (r.;L/DL at ,) 
L ~ span in direction perpeDd1cul.ar to conti.numla edge 
Ratio of L Direction ~ Direction 
Sides Max. Total Sl.ab + Max .. Total. Slab .... 
L )i)ment Slab Slab Beam Beam Slab Slab Beam Be_ 
~ Mom. it>m .. Mom .. )ba. Mom .. Mom .. Mom. It>m. 
COaDOD factor vb2 vb3 vb' vb' vb~ vb' vb' vb' 
.g. Dis. .0553 ·0922 .0417 .. 1339 .0135 .0112 .2~25 .2537 
0 .. 5 Poe .. .0738 .12:5<) .oJi.76 .. 1706 .0180 .0150 .1i85O ·5000 lIeg. Con. .097 .1617 .0667 .22~ 
1: .. 2488 .. 1014 .3502 .0262 .. 7275 .7537 
lIeg. Die. .0488 .0678 .. 0417 .1095 .. 0156 .. 0130 .1~ .lTI9 
0.6 Pos. .0650 .0903 .. 0lt.76 ..1379 .0208 .0173 .3298 .3Ja.71 Beg .. Con. .095 .1319 .0667 .1986 ... 
1: .. 1888 .. 1015 .2903 .0303 • 491t.7 .5250 
Beg. Dis .. .. 0434 .0517 .. 0417 .0934 .0184 .0153 .1l61 .. 1311G. 
0.7 Poe .. .. 0578 .. 0688 .. 0476 .1164 .0245 .0204 .2321. .. 2525 Beg. Con. ·091 .1083 .0661 .1150 
1; .1474 .1015 .24S) .0357 .3482 .3839 
Keg. Die. .0371 .0:;86 .. 0417 .0803 .0208 .0173 .oBilo .1013 
0.8 Pos. .0495 ..0516 .0476 ·0992 .0278 .0232 .. 1680 .. 1912 Beg. Con. .. 086 .. 0896 .. 0667 .156:; 
1; .1l4:; .1016 .2l59 .0405 .2520 .2925 
Beg. Dis. .0309 .0286 .0417 .070:; .0222 .0185 .0610 .0795 
0·9 Pos. .oll-13 .. 0382 .. 0476 .0858 .0296 .0247 .l2l.9 .11G.66 lIeg. Con. .079 .0731 .0667 .1398 
tE .. 0876 .1017 . ,,1893 .. 0432 .1~ .226l 
lIeg .. Die .. .. 0259 .. 0216 .0417 .06:;3 .0231 .0192 .0444 .0636 
1.0 Pea. .. 0345 .0287 .0476 .0763 .. 0:5<)8 .0257 .. 0888 .1l45 leg. Con. .071 .0592 .0667 .1259 
1: .0678 .1017 .1695 .<>"9 .. 1332 .1781 
TABLE 20 (cant .. ) 
H)MErl.'S IN BID PADLS ACOOBDIlIl m MI'l ~J.;LLDL • ~l 
L = spen in direction perpeDdieul.er cont1D.'W)'U8 
Ratio of L Direction ~ Direction 
Sides Max". Total Slab + MIx. Total Slab+ 
L M::>ment Slab Slab Beam Bea Slab Slab Beam BeUl, 
~ It>m4I Mom. Mom. Mlm. Mom. Mom.. Mom. Mom. 
ComiIon factor vb2 vb' vb' vb' "2 vb vb' vb' vb' 
lIeg. Dis. .0266 .0222 
·0293 .0515 .0291 .0269 .0430 ·0699 
1 Po •• .0;55 .0296 .0;35 .0631 .. 0388 .0359 .. 0861 .1220 
0·9 lleg. Con. .. 0765 .0637 .0469 .1l06 
t .0710 .0716 .1426 .. 0628 .. 1291 .1919 
lIeg4I Dis. .0266 .0222 .0~78 .0700 .0;71 .. 0;86 .0417 " .080; 
1···· Pos. . .. O~55 .• Q296. .~Q5.lj.1 __ .!9~i 
.... ~,-.-- .. 0516 .. 0833 .1;Ri9 o:s lIeg. Con. ..0797 . ow.. .0766 .. 1430 
t .. 0722 .1169 .1891 ·0902 .. 1250 .. 21.52 
leg. Dis. .0260 .. 0217 .. 0791 .. 1008 .. oJI.63 ..0551 .0_17 .0968 
1 Poe .. .0;47 .028<) ·0904 ·1l93 .0618 .0736 .08;; .1569 
0·7 lIeg. Con. .0776 .0647 .1265 ..1912 
t .070~ .. 1929 .. 26;3 .1287 .1250 .2537 
leg .. Dis. .. 02;4 .. 0195 .1319 .1514 .. 0570 .0792 .. 0417 
·1209 
1 Poe. ..0;12 ,,0260 .1508 .1768 .0760 .. 1056 .. 0833 .1889 
Q.b Beg .. Con. .0667 .0556 .2111 .2667 
:E .. 0623 .3214 .;837 .1848 .1250 .. }098 
Keg. Dis. .0210 .. 0175 .2150 .2325 .0684 .1llK> .0it-17 .1557 
1 Pos. .0280 .. 02;; .a~57 .2690 .. 0913 .1522 .os" .2355 
0 .. 5 Beg. Con. .05~ .. 0467 .~ .. ;907 
1: .. 0544 .. 5235 .. 5779 .2662 .. 1250 .3912 
-2TI ... 
TABLE 21 
K>MDTS IN ISOLA.TED PAIELS ACCORDlM TO ~ (0 < r;L/DL < -) 
L :: s:pen in the short direction 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Tot&l Slab + 
L M:>ment Slab Slab Beam Beam Slab Slab Beam Be_ 
~ }.t)m. It>:m.. It>m. )bm. Mom. Mom. Mom. Mom. 
CODDOn factor wb2 vb3 vb' vb3 vb2 vb3 vb3 vb3 
:leg. Dis. 
.0713 .il88 .0411 .1605 .. 0180 .0150 .2350 .. 2500 
0·5 Pos. ·095 .1583 .0833 .2416 .0240 .0200 .4700 ·4900 lIeg. Con. 
I: .. 2771 .1250 .4021 .0350 .. 1050 .1400 
Beg. Dis. .0608 .0844 .0417 .126.1. .0209 .. 0174- .1545 .. 1119 
0 .. 6 Pos. .081 .1125 .0833 .1958 .. 0278 .0232 ·3090 .3322 lIeg .. Con. 
-
1: .. 1969 .1250 ·3219 .0406 .4635 .5041 
lIeg. Dis. .0510 .0607 .0417 .. 1024- .. 0245 .0204 .1033 .1237 
0.7 Pos .. .. 068 ,,081.0 .0833 .1.~3 .0321 .0272 .2066 .2338 leg. Con. 
I: .1417 .1250 .2667 .0476 
·3099 .3575 
Ifeg. Dis .. .0413 .0430 .0417 .. 084.1 .0269 .0224 .0693 ·0911 
0.8 Pos. .055 .0573 .0833 ..1!w6 .0359 .0299 .1387 .1686 lieg .. COD. 
I: .1003 .. 1250 .2253 .. 0523 .2080 .2603 
Keg. Dis. .. 0338 .0313 .0411 .0730 .0269 .0224 .0463 .. 0687 
0.9 Pos .. .045 .0417 .0833 .1250 .. 0358 .. 0298 .0926 .1224 lIeg. Con. 
~ .. 0730 .1250 .1980 .0522 .1389 .19ll 
leg. Di8. .0210 .0225 .. 0411 .. 064.2 .0210 .0225 .0313 .0538 
1.0 Pos. 
.036 .0300 .0833 .1133 .0360 .0300 .0625 ·0925 
leg. COD .. 
1: .. 0525 .1250 .. lTI5 .. 0525 .. 0938 ..1463 
'fABLE 22 
MOMIlll'S III Ilf.l'IBICB PAIILS ACCOBDIIG m MIfr (Ik!DL S ,1) 
Ratio o~ L Direction ~ Direction 
Sides Max. Total. Slab + MIx. Total Slab + 
L Moment Slab Slab Be_ Beam Slab Slab Be_ Be_ 
~ Mom. Jt)m. Mom. Mom. Iba. Moa. )ibm. Mom. 
CoaDOn factor yb2 vb' vb' wV vb§. vb' vb' vb' 
lreg. Di8. 
0·5 Pos. .. 0515 .0858 .0417 .1275 .0120 .0100 .2350 .2Je.50 lIeg. Con. .0860 .1433 .0606 .2039 .0240 .0200 .31a.18 .3618 
E .2291 .1023 .331~ .0300 .5768 .6068 
leg. Dis. 
-
0.6 Pos. .0460 .0639 .0417 .1056 .0153 .0127 .1545 .1~ Beg. Con. .0810 .1l2~ .. 0606 .1731 .0278 .0232 .~ .. 2 
t .17 .102; .2787 .0359 .3793 .4152 
leg. DiB. 
0.7 Pos. .0395 .01a.70 .()le.17 .0887 .0194 .0162 .1033 .1195 lIeg. Con. .071K> .0881 .0606 .148'7 .0347 .028<) .1503 .1792 
t .1351 .1023 .23714- .0451 .2536 .2987 
:leg. Dis. 
0.8 Pos. .0335 .03119 .. 0417 .0766 .. 0219 .0182 .0693 .0875 leg .. Con. .0650 .. 0677 .0606 .1283 .o1K>6 .. 0338 .1009 .l}J1.7 
t ..1026 .. 1023 .2049 .0520 .1702 .2222 
lIeg. Dis. 
-
.... 
0·9 Pos. .0280 .0259 .0417 .0676 .0222 .0185 .()lK;3 .. ~ lIeg. COD. .0550 .0509 .. 0606 ·1ll5 .~ .0370 .0673 .~3 
~ .0768 .1023 .1191 .0555 .1136 .1691 
leg .. Di8. 
.0187 .oJe.17 .0604 .0187 1.0 Pol. .0225 .0225 .0313 .0500 leg. Con. .0450 .0375 .0606 .09& .~50 .0375 .0455 .0830 
1: .0562 .10'2; .1;8; .0562 .0768 .1330 
~23 
K>MD!S II EDGE PABLS ACCORD;IIG !O MBf(~lIJL •.. 1) 
Ratio of L Direction ~ Direction 
Sides Max .. Total Slab + Max .. Total Slab + 
L Moment Slab Slab Beam Beam Sl.a.b Slab Beam. Be_ 
~ M:>m .. )t)m .. Mom. Mom. Ibm. Mom .. Mom. Mom .. 
CODlDOn factor vb2 vb' vb; vb' vb2 Vb; vb' vb' 
lreg. Dis .. .0495 .0825 ~'0411 .1242 
0·5 Pos. .0660 .1100 .. 0416 .1576 .. 0180 .. 0150 .. 2225 .2375 lIeg .. Con. .0890 .. 148; .0661 .2150 .0400 .0333 .. 3236 .3569 
I: .2242 .1014 .3256 .. 0483 .5~1 .5944 
:leg. Dis. .0!e.2le. .. 0589 .0411 .1006 
0 .. 6 Pos. .0565 .0185 .0476 .1261 .0222 .. 0185 .1389 .1574 lIeg. Con .. .0800 .llll .0661 .1778 .0500 .0411 .2020 .2431 
1: .1624 .1014 .. 2638 .0602 .3409 .14011 
lIeg .. Dis. .0353 .0le.20 .. 0411 .0837 
0.7 Pos .. .. 0470 .. 0560 .. 0476 .10;6 .. 0255 .. 02l2 .0867 .1019 Beg .. Con .. .0680 .0810 .. 0667 .1411 .0592 .. 01l93 .l262 .. 1755 
1: .. 1167 .1014 .. 2181 .0705 .2l29 .28}l6. 
Beg. Dis .. .0285 .0297 .0411 .0114 
0 .. 8 Poe. .0;80 .0396 .0416 .0812 .0266 .. 0222 .. 0537 .0759 Beg .. Con. .0550 .0513 .0667 .. 1240 .0611.1 .. 0534 .0781 .. 1315 
I: .0825 .1014 .1839 .0756 .1318 .2074 
Beg. Dis .. .0225 .0208 .0411 .0625 
0·9 Pos. .0;00 .0218 .0416 .0754 .0265 .. 022l .0332 .0553 Beg. Con .. .0430 .0398 .0661 .1065 .. 0642 .0535 .0483 .1018 
E .0577 .. 1014 .1591 ..0156 .0815 .1511 
Beg. Dis .. .. 0180 .0150 .0419 .0569 
1.0 Pos .. .. 02lK) .. 0200 .0419 .0679 ,,0265 .. 022l .0417 .06;8 lIeg .. Con .. .0330 .. 0275 ,,0610 .09~5 .. 0610 .0508 .. 0606 .. 1ll4 
I: .0410 .1019 .1429 .. 0729 .1023 .. 1752 
TABLE 23 (Cont.) 
)l)M!ITS III EDGE P.AIELS ACCORDIIG TO MET ( IL/DL • 1) 
L == span in direction perpeDdicul.ar to discontimum.s ~e 
Ratio of L Direction Ll Direction 
Sides Max. Total Slab + Max. Total Slab+ 
L Moment Slab Slab Beam Beam Slab Slab Beam Beam 
~ Mlm. )bm. Mom. Mom. Mom. Ibm. Mom. Mom. 
CoDaon fector w2 vb' vb' vb' '2 vb vb' vb' vb; 
leg. Dis. .0171 .0142 .. 0579 .0721 
1 Po8 .. .0228 .. 0190 .0661 .0851 ..0310 .. 0287 .. 0le.17 .0704 
,0 .. 9 leg. Con. .0;09 .. 0257 .0926 .ll8; .0680 .0630 .0606 .1236 
E .0387 .. 1!K>9 .1796 ·0917 .1023 .. 1940 
Beg. Dis. .. 0158 .0132 .0811 .094; 
1 POSe .02ll ..0176 .0926 .llO2 .0355 .0370 .0417 .0787 
o.s lIeg. Con. .0266 .. 0222 .. l297 .1519 .0750 .0181 .0606 .. 1}81 
E .0;52 .1973 .2}25 .1151 .102; .. 2111t. 
leg. Dis .. .01;0 .0108 .. 1l;5 .1243 
1 Po ... .. 0173 .01", ·1297 .. 1"-1 .oJt.15 .. 049Je. .OJe.17 ·09ll 
0·7 leg .. Con .. .. 0224 .. 0187 .. 1816 .200; .0810 .09~ .0606 .1570 
E .0290 .2763 .}o53 .1»'58 .1023 .. 2it81 
Reg. Dis .. .Oll5 .. 0096 .1632 .1728 
1 Pos .. .. 015; .0127 .1865 .. 1992 .0475 ' .0660 .0417 .1077 
o:b Beg. Con. .0167 .01;9 .. 26ll .2750 .0850 .1l81. .0606 .1187 
t ..0244- .3972 .4216 .. 1841 .. 102; .2Wt. 
leg .. Dis. 
·0090 .0075 .2425 .2500 
1 Pos. .0120 .0100 .2771 .2871 .0525 .0875 .. 0417 .. l292 
0·5 lIeg. Con. .0120 .. 0100 .;880 .3980 .. 0880 .. 1467 .0606 .. 207; 
E .0187 .. 5901 .. 6088 .. 2342 .. 1023 .. 3;65 
TABLE 24 
)I)MDTS II' CORDR PAIELS ACCQRDIIG TO .ME'f ( LL/DL :; 1) 
L := span in the short direction 
Ratio of L Direction ~ Direction 
Sides Max .. Total Slab + Max .. Total Slab + 
L Moment Sl.&b Slab Beam Beam Slab Slab Beam Beam 
~ Hom OJ tbDh Mlm. Mome Mome M;)m. Mom. Jt>m. 
'J. 
CODDOn factor vb2 vb' vb' vb' vb2 vb' vb3 vb' 
Beg .. Dis. .. 0510 .0850 .0417 .1267 .. 0135 .0112 .2350 .. 2462 
0 .. 5 Pos .. .0680 ..1133 .0476 .1609 .. 0180 .. 0150 .2686 .2836 Beg .. Con .. .0940 .1567 .0667 .. 2234 .. 02~ ..0200 .3760 .. 3960 
1: .2328 .. 1014 .. 3342 .0305 .5719 .. 602lG. 
lIeg. Dis. .. 0450 .. 0625 .0417 .. 1042 .0167 .0139 .. 1545 .. 1684 
0 .. 6 Fos .. .0600 .0833 .0476 .. 1309 .. 0222 .0185 .1766 .. 1951 Beg. Con. .. 0890 .. 1236 .. 0667 .1903 .. 0306 .0255 .. 2472 .. 2727 
1: .1750 ..1014 ,,2764- .0380 .. 3760 .4140 
lIeg. Dis .. .. 0386 ,,0460 .0417 .. 0877 .. 0191 .. 0159 .. 1033 ..1l92 
0.1 Pos .. .. 0515 .. 0613 .0476 .. 1089 .0255 .0212 .. U81 .. 1393 Beg. Con. .. 0810 .0964 .. 0667 .1631 .0;88 .0323 .. 1653 .1976 
1: .1313 .1014- .2327 .0449 .. 2514 .. 296; 
Beg .. Dis .. .0326 .. 0;40 .. 0417 .. 0757 .. 0211 .. 0176 .0693 .0869 
0 .. 8 Pos .. .0435 .0453 .. 0476 ·0929 .. 0281 .0234 .0792 .. 1026 Beg .. Con. .. 0710 .0740 .. 0661 .1407 .. 0453 .0377 .1109 .. 1486 
1: .098; ..1014- .. 1997 .0506 .1688 .2194 
Beg. D1s .. .0270 .0250 .. 0417 .0661 .0222 .0185 .olI.6; .. 0648 
0.9 Pos .. .0360 .. 03;3 ..0476 .. 0809 .. 0296 ,,0247 .0529 .0716 lIeg. Con" .0600 .0556 .0667 .1223 .0494 .0412 .0741 .1153 
~ .0728 .. 1014 .. 17~ .0539 .1127 .1666 
Deg. Dia. .0221 .. 0184 .0411 .. 0601 .0221 .0184 .0313 .. 0497 
PoB .. .. 0295 .. 0246 .0476 .0722 .0295 .0246 .. 0357 .. 060, 1 .. 0 lIeg .. Con .. .. 0500 ,,0417 .. 0667 .. 1084 .0500 .0417 .0500 ·0917 
1: .05~ .101lt. .1554 .05lK) .0761 .1301 
TABLE 25 
)I)MDTS m PABLS COITlJlUlOUS AT TWO Ol'POSrm BJXmS AOOORDIIO m 
MET (r;L/DL == 1) 
L ::I span in the continuous d.1rect1on 
Ratio of L Direction ~ Direction 
Sides Max. Total Sl.ab + Max. Total Slab + 
L Moment Slab Slab Be_ Beam Slab Slab Beam Be_ 
~ Nom. Mom. Mom. )baa Ibm. Mom. Moa. M::lm. 
eo.ton factor vb2 vb' vb3 vb' w'}. vb' vb' vb3 
lleg. Dia. 
-
.... 
.0075 .0062 .. 2475 .2537 
0·5 Pos. .0530 .0883 .0417 .1300 .0100 .. 0083 .lt950 ·5033 lIeg. Con. ·0900 .1500 .0606 .2106 
E .. 2383 .1023 ..3406 .Olle.5 .. 7425 ·7510 
lIeg. Dis. .. 0104 .. 0087 .1684 .1171 
0.6 Poa. .. 0480 .0661 .0417 .10811- .. 0139 .oll6 .3368 .348!f. Beg. Con. .. 0880 .l222 .0606 .1828 
:E ,,1889 .. 102; ·2912 .. 020; ·5052 .5255 
lIeg. Dis. .. 0122 .0102 .. l2l2 .. 1;1lt. 
0.7 Pos. .04;0 .0512 .. 0411 ·0929 .. 0163 .01;6 .2423 .2559 lIeg. Con. .0860 .1024- .. 0606 .. 1630 
:E .1536 .1023 .2559 .0238 .36'5 .,873 
Beg. Dis. .0146 .0122 .0898 .1020 
o.B Poe. .0;80 .. 0396 .. 0411 .. 0813 .. 0195 .0162 .1197 .1959 Beg .. Con .. .. o~ .. 0875 .0606 .. 1481 
E .1271 .. 1023 .2294 .0284- .2695 .. 2979 
Beg .. Dis. .. 0158 .. 0132 .0679 .. 08ll 
0 .. 9 Pos .. .. 0330 ..0306 .0417 .0123 .0210 .. 0115 .. 1358 .. 1533 
:leg.. Con .. .. 0800 .0741 .. 0606 .1341 
E .. 1047 .1023 .. 2070 .. 0307 .. 2037 .2344 
lIeg. D18. .0169 .. 0141 .. 0519 .. 0660 
i .. o Pos. .. 0295 .0246 .0411 .0663 .. 0225 ..0187 .. 1038 .. 1225 lIeg. Con .. .0150 .. 0625 .. 0606 .. 1231 
E .0871 .102; .1894- .. 0;28 .1557 .. 1885 
TABLE 25 (Cont.) 
MOMENTS IN PANELS CONTINWUS AT ~ OPPOSITE EDGES ACCORDING TO 
MET ~ LLZDL :8 1~ 
L= span in the continuous direction 
Ratio of L Direction Ll Direction 
Sides Max. Total Slab + Max .. Total. Slab+ 
L Moment Slab Slab Beam Beam Slab Slab Beam BeU1 
r;. Mom. }t)m. Mom. Mom. Mom. Mom. Mom. Mom. 
Common factor wb2 vb3 vb3 vb) wb2 vb3 vb' lib' 
leg .. Dis. .. 0225 .0208 ..0535 .074; 
1 Pos. .0315 .0262 .0111 .0439 .0300 .0278 .1069 .1347 
0·9 Keg .. Con. .. 0864 .0720 .0258 .0918" 
E .0982 .0435 .1417 .0486 .1604 .2090 
lIeg .. Dis .. .. 0296 .0308 ..0523 .. 0831 
1 Pos .. ,,0328 ..0213 .0322 .0595 .. 0395 .04ll ,,1047 .1458 
C5':"S Beg. Con. ..0953 .. 0794 .. 0469 .1263 
E ,,1067 .0791 .1858 .. 0719 .. 1570 .2289 
Keg .. Dis .. .0386 .0460 .. 0491 
-0951 
1 Pos .. .0327 .0272 .0574 .0846 .0515 .0613 .0982 .. 1595 
0·7 :leg. Con. .1020 .0850 .0835 .1685 
E .1122 .1409 .. 2531 .1073 .1473 .2546 
Neg. Dis .. .0499 .0693 .0417 .lilO 
1 POSe .0306 .0255 .. 1059 .1314- ..0665 .0924 .0833 .. 1757 
o:b Beg. Con. .0972 .0810 .. 1540 .. 2350 
~ ,,1065 .. 2599 ,,3664 .1617 .. 1250 .2867 &J 
Keg. Dis. .0630 .. 1050 .. 0417 .1467 
1 Pos. ..0280 ("V~-:I:-:I: .1900 o,~~ .. 0840 .. 1400 .0833 .. 2233 o v '-.,1.,1 .. ........ .,1.,1 
0,,5 Beg. Con. .. 0880 .0733 .2764 .3497 
E .0966 .. 4664 .5630 .2450 .1250 .3700 
~LB 26 
MO'MDfS D EID PAlIELS AOOORDDfG YO 1m ( ILjDL %8 1) 
L- in direction pcrpeD41cular to contillW)'Wl 
Ratio ot L Direction ~ Direction 
Side. Max. Total Slab + Max. Total Slab + 
L M:mBent Slab Slab Beam Bea. Slab Slab Bee Ie_ 
ii Mom. Mom. It>m. Mom. Mom. Ibm. Mom. Mom. 
eo.Don taactor vb~ vb' vb' vb' vb"§. vb' vb' vb; 
lieS. Dis. .0521 .0868 .0417 .1285 .0120 .0100 .2425 .2525 
0·5 Poe. .0695 .ll58 .. 0476 .. 16}4 .. 0160 .01;; .4850 .. ~8; lIeg. Con. .097 .1617 .. 0667 .22811-
r. .2}86 .. 101ie. .}lwo .02'3 .7275 .7508 
lIeg. Dis. .0465 .. 061&6 .0417 .106; .. 0146 .0122 .1919 .1711 
0.6 Pos. .. 0600 .. 0861 .01;.76 .1;;7 .0194 .0162 .;298 .;~ 
'lleg. Con. .095 .. 1;19 .0667 .1986 GO 
1: .1828 .1015 .28l1.3 ' .. 0284 .4941 .. 5231 
BeS. Dis. .Qla.16 .. 0495 .. 0417 ·0912 .0168 .. 01110 .. 1161 .1}Ol 
0.7 Pos. .. 0555 .. 0661 .0476 ,,11;1 .022"'- .0187 .2;21 .. 2508 Beg .. Con .. ·091 .108; .. 0667 .1750 -
1: .. 1435 .1015 .2450 .0327 ,,3482 .3'809 
\ 
lIeg. D1s. .0;60 .0;75 .0417 .. 0792 .. 0194 .0162 .o8lto .1002 
o.B Pos. .. 0480 .0500 ..0476 .0976, .0258 .. 0215 .1680 .1~5 leg. Con .. .086 .. 0896 .0667 .. 156; 
r. .1120 .1016 .2136 .0377 .2520 ..2897 
lIeg. Dis. .0;04 .0281 .0417 .. 0698 '.021; .0177 .0610 .0787 
0·9 Pos .. .oJ405 .. 0;75 .0476 .. 0851 .0284 .0237 .. 1219 ..1456 lIeg. Con. .079 .0731 .0667 .. 1;98 ... -
E' .0866 .. 1017 .188; .. 0414 • 1&29 .• 224; 
leg. D18. .0255 .. 0212 .0417 .. 0629 .. 022l .018l1. .o~ .0628 
Pos. -:;4 .. 0283 ..0476 .. 0759 .. 0295 .. 0246 .. 0888 .. ll:;ll-1.0 .u lIeg. COD .. .on .0592 .0667 .. 1259 
1: .0672 ' ..1016 .1688 .. 04}O .1;;2 .1762 
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TABLE 26 (Cont.) 
MOMEIlfS II lID PADLS ACCORDmG m Mi'r (IL/DL • 1) 
L :& span in direction perpendicular to cont1:nuous edge 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total Slab+ 
L Moment Slab Slab Beam Beam Slab Slab Beam Beam 
~ Nom. Mom. Mom. Mom. Mom. )bDl. Ibm. )t)m. 
Common factor w2 vb; vb3 vb3 vb 2 vb; vb3 vb' 
lIeg .. Dis .. .. 02611- .0220 .0293 .0513 .0281 .0260 .0J&.30 .0690 
1 Pos. .0352 .0293 .0335 .0628 ,,0375 .0347 .0861 .1208 
0·9 !feg. Con. .0165 .0637 .0469 .1106 
1: .0106 .0116 .1422 .0601 .. 1291 .. 1898 
leg. Dis. .0264 .0220 .0418 .0698 .0360 .0315 .0411 .0792 
1 Pos. .0352 .0293 .0547 .0840 .0480 .. 0500 .. 0833 ,,1333 
'().S leg .. Con. .019; .066ij. .. 0166 .1430 
1: .0118 .1168 .. 1886 .0875 .. 1250 .. 2125 
leg .. Dis .. .0260 .02].7 90191 .. 1008 .. 0454 .. 0540 .. 0411 .0951 
1 Pos .. .. 0347 .0289 .0904 .1193 .0605 .0720 .0833 .1553 
0·7 leg. Con. .0176 .0641 .1265 .1912 
1: .0104 .1929 .2633 .l26o .1250 .2510 
Beg. Dis. .02;9 .0199 .1319 .1518 .0563 .0182 . ,,0417 .1199 
1 Pos. ,,0319 .0266 ,,1508 .1714 .0750 .1042 
·0833 .1875 
o:b Beg. Con. .0667 .0556 .2lll .2661 
1: .0631 .3214 .3845 .1824 .1250 .3074 
Beg .. Dis. .. 0210 .. 0115 .2150 .2325 .. 0679 .1132 .0411 .1549 
, 1 Pos. ..0280 .0233 .2451 .2690 ·0905 .1508 .0833 .2~1 
0.5 lIeg. COD" .. 0560 .0461 .3~ ·3901 
1: .0544 ·5235 .. 5779 - .2640 .1250 ·:;890 
~LJ: 27 
~ m Dr.J.mUOR PADLS ACCORDIIG m NEWMARK-SIESS ( CASE A) 
L::3 span in the short direction 
Ratio ot L Direction ~ Direction 
Sides Max. Total Sl.ab + .Max. Total Slab + 
L Mlment Slab Slab Beam Beam Slab Slab Deam Beu 
~ M:>m. Mom. )t)m. )i)m. Mom. Mom. Mom. )t)m. 
CoaDOD factor wb2 vb' vb' vb' vb"§. vb' vb' vb' 
lieS. Dis. 
0·5 Pos. .o}80 .0608 .O}}; .. 0941 .0169 .0135 ·2290 .2425 lIeg4II Con. .0685 .1096 .0485 .. 1581 .0488 .0}90 ·3331 ·3721 
1: .. 1704 .. 0818 .. 2522 .0525 .562J. .6146 
lIeg. D1s. 
0.6 Pos. .0338 .. 0450 ..0333 .0783 .0169 .0135 .1466 .1601 Beg .. Con. .. 0626 .. 0835 .0485 .1320 .o~ .0387 .2131 .. 2518 
1: .. 1285 .0818 .2103 .. 0522 .3597 .4ll9 
BeS. Dis. 
0.7 Pos. .0295 .0337 .0333 .0670 .0169 .0135 .0981 .1ll6 Beg .. · Con. 
.. 0569 .0650 .0485 ·1l35 .0473 .0;78 .1427 .1805 
1: 
.. 0987 .0818 .1805 .051; .2~8 .292l 
Keg .. D1s. 
0.8 Poe. .0252 .0252 .0333 .0585 .. 0169 .. 0135 .0676 .. 0811 
:leg. Con. .0510 .0510 .0485 
·0995 .0-54 .036; .098; .1;46 
1: .0762 .. 0818 .1580 .. 0498 .1659 .2157 
lIeg. D18. 
0·9 Pos .. .02ll .0188 .03;; .0521 .0169 .0135 .0473 .. 0608 lIeg .. Con .. .. 0453 .. 0402 .. 0485 .. 0887 .0428 .. 0342 .. 0688 .10;0 
.E .0590 .0818 .. 1408 .0477 .1l61. .1638 
Beg. D1s. 
..0169 1..0 Pos. .0135 .0333 .0468 .. 0169 .0135 .O};; .o~ Beg. Con. .0394 .0315 .. 0485 .. 0800 .039- .0;15 .. 0485 .0800 
1: ..0450 .0818 .. 1268 .0450 .0818 .1268 
ifABLE 28 
K>MEltTS II' EDGE P.AIELS. ACCORDING TO BEWMARK-SIESS , CASE A) 
L = span in direction perpend1cu.l.ar to discontinuous edges 
Ratio of L Direction ~ Direction 
Sides Max. Total Slab + Max. Total. Slab + 
L Moment Slab Slab Beam Beam Slab Slab Beam Be_ 
Ii Mom. Mom .. )i)m. Mom. Mom. Mom .. Mom. )bm .. 
Co:aoon factor yb2 vb3 vb3 yb3 vb2 vb3 wb3 vb3 
lIeg. Dis. .0457 .0731 .0333 .1064 
Pos. .0380 .. 0608 .. 0381 .0989 .0169 .0135 .. 2290 .2425 .,' 0·5 lIeg. Con. .0685 .1096 .0533 .1629 .. 0488 .0390 .3331 ·3121 
1: ,,1516 .. 0811 .. 2327 .. 0525 .562l .6146 
lIeg. Dis. .0417 ..0551 .0333 .0890 
0.6 Pos. .0338 .0450 .. 0381 .. 0831 .0169 .0135 .1466 .1601 lIeg. Con. .0626 .0B;5 .0533 .1368 .0484 .0387 ..2131 .. 2518 
1: .1l42 .08ll .1953 .0522 .3597 .. 4119 
lIeg .. Dis .. ..0319 .0433 .. 0333 .. 0766 
0 .. 7 Pos. ·0295 ,,0337 .0381 .on8 .. 0169 .0135 .0981 .. 1ll6 Beg .. Con. .0569 .. 0650 ..0533 .1lB; .0413 .0378 .. 1Jt.27 .1805 
1: .0875 .o8ll .1686 .0513 .. 2Jw8 .. 2921 
Keg .. Dis" .o}40 .0340 .0333 .0613 ... 
0 .. 8 Pos .. .. 0252 .. 0252 .. 0;81 .0633 .016<) .0135 .. 0676, .. o8ll liege Con. .0510 .. 0510 .0533 .. 1043 .. 0454 ,,0363 .0983 .13~ 
1: .0674 .0811 .. 1485 .0498 .1659 .2157 
Beg. Dis. .. 0302 .0268 .0333 .0601 
0·9 Pos .. .02.11 .0188 .. 0381 .0569 .0169 .0135 .. 0~73 .0608 !leg. Con .. .. 0453 .0402 .0533 .0935 .0428 .0.;42 .. 0688 .10}O 
E .. 0521 .. 08ll .1332 .. 04Tl .. 1161 .1638 
Keg .. Dis .. .. 0263 .. 0210 .. 0333 .. 05ia.3 
1 .. 0 Po8 .. .0169 .. 0135 .. 0381 .0516 .0169 .0135 .0333 .0468 lIeg .. Con .. .. 0'9~ .. 0315 .. 0533 .0848 .. 0394 .0315 .0485 .o&x> 
1: .0396 .0811 .1207 .0450 .0818 .1268 
... 288 ... 
!ABLE 28 (Cont .. ) 
MOMElr.rS DT EDGE PADELS ACCORDDG TO DWMARK-SlESS ( CASE A) 
L m span in direction perpendicular to discontinuous edge 
Ratio of L Direction L1 Direction 
Sides Max .. Total Slab + Max. Total Slab+ 
L Moment Slab Slab Beam Beam Slab Slab Beam Beam 
x;. Mom. )ba. M:>m. Mom. Mom. It>:m. )bm. Mom. 
eoz.on tctor w2 vb; vb3 vb3 '2 vb vb3 vb' vb' 
leg. Dis. .0285 .0228 .. 0473 .0701 
1 
.1 Pos .. .0169 .01;5 .0540 .0675 .. 0211 .0188 .03;; .0521' 
0 .. 9 leg. Con. .0428 .0}42 .0757 ..1099 .. ~5; .. 0402 .. 0485 .. 0887 
t .0418 .. 1151 .. 1569 .0590 .. 0818 .. 11408 
lIeg. Dis. .030; .0242 .0676 .0918 
1 Pos. ..0169 .0135 .0772 .0907 .. 0252 .0252 .0;;; .. 0585 
o.B leg .. Con .. .0454 .0;6; .. 1081 .. 14ll4 .. 0510 .0510 .0485 .. 0995 
t .. 04;6 .16411- .2080 .0762 .0818 .. 1580 
leg .. Dis .. .. 0315 .. 0252 .. 0981 .. 12;; 
1 Pos. .0169 .0~;5 .. 1121 .1256 .. 0295 .. 0;;7 .03;; ..0610 
0·7 leg.. Con. .. 0473 .0;78 .. 1570 .. 19JK3 .. 0569 .. 0650 .0485 .1135 
t .0448 .2;87 .28;5 .0987 .0818 .. 1805 
leg .. Dis. .0;23 .. 0258 .. 1465 .. 172; 
1 Pos .. .0169 .. 0135 '.1615 .. 1810 .. 0:;;8 .0450 .. 0;;; .. 0783 
o:b leg .. Con. • oJ4&. .. 0387 .2;4.4- .. 2731 .. 0626 .0835 .. 0485 .. 1;20 
t .. 0455 .3566 .4021 .1285 .0818 .. 2l.O; 
Keg .. Dis. .. 0325 .. 0260 .. 2289 .. 2549 
1 Pos. .0169 .. 01;5 ..2617 .2752 .. 0;80 .. 0608 .. 033; .. 0941 
0.5 leg. Con. .0488 .. 0390 .. ;66lf. .110~ .0685 .1096 .01+85 .. 1581 
t .. 0458 .5572 ..60:;0 .1704 .. 0818 .2522 
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TABLE 29 
IDMENTS IN CORNER PANELS ACCORDING.TO BWMARK-SIESS (CASE A) 
L = span in the short direction 
Ratio of L Direction ~ Direction 
Sides Max .. Total Slab + Max .. Total Slab + 
L Moment Slab Slab Beam Bea Slab Slab Beam Be_ 
~ }t)m. Mom. Mlme Mome Mome Mom. Mome Mom. 
COaDOn factor wb2 vb' vb' wV vb"§. vb' vb , ' vb' 
Beg .. Die .. .. 0457 .0731 .. 0333 .. 1064- .0325 .. 0260 .2289 .2549 
0 .. 5 Pos. .0380 .0608 .0381 .0989 .0169 .. 0135 .2617 .2752 lIeg .. Con. .0685 .1096 .0533 .1629 .o~ .0390 .3664 .~54 
:L .1516 .0Bll .. 2327 .0458 .5572 .6030 
Beg. Dis. .0417 .. 0557 .0333 .0890 .0323 .. 0258 ~1465 .1723 
0 .. 6 Pos .. .0338 .0450 .0381 .0831 .0169 .0135 .1675 .1810 lIeg .. Con. .0626 .0835 .0533 .1368 .04&. .0387 .23" .2731 
1; .1142 .08ll .1953 .0455 .3566 .4021 
lIeg. Dis .. .0379 .. 0433 .0333 .. 0166 .. 0315 .. 0252 .. 0981 .. 1233 
0 .. 7 Pos. .0295 .0337 .0;81 .0718 .0169 .. 0135 .ll21 .1256 lIeg .. Con~ .0569 .0650 .0533 .1183 .0473 .0318 .1570 .19~ 
L .0875 .08ll .1686 .0448 .2387 .2835 
Keg. Dis. .0340 .0340 .0333 .0673 .0303 .02lt-2 .0616 ·0918 
0.8 Pos. .0252 .0252 .0381 .0633 .0169 .0135 .. 0772 .0907 lIeg. Con. .. 0510 .. 0510 .0533 .. 1043 .0lt-54 .0363 .1081 .1444 
1: .0614 .0811 .1lt.85 .0436 .1644 .2080 
Beg .. Dis. .0302 .0268 .0333 .. 0601 .. 0285 .. 0228 .0413 .0101 
0 .. 9 Pos. .0211 .0188 .0381 .0569 .0169 .. 0135 .0540 .. 0675 Beg. Con", .0453 .0402 .0533 ·0935 .0428 .0342 .0751 .1099 
E .0521 .0811 .. 1332 .0418 .1151 .. 1569 
Neg .. Die. .. 0263 .0210 .0333 .054:; .0263 .0210 .0333 .. 0543 
1.0 Pos. 
.0169 .0135 .0381 .0516 .. 0169 .0135 .0381 .0516 
Beg .. Con. .039q. .0315 .0533 .0848 .. 0394 .0315 .. 0533 .0848 
I: .0396 .0811 .1201 .0396 .0811 .1207 
TABLE 30 
MOMEBTS III IBTERIOR AND CORIER PAIELS ACCORDDIG TO IEWMARK .... SIESS 
(CASE B) 
DrrERIOR PANEL CORKER PABEL 
Ratio Short Span LoDS Span Short Span Long Span 
of Moaent 
Max. Total Max. Tot&l Max. Total. Max. Total 
Sides Slab - .Slab Slab Slab S~ab S~ab Slab Slab 
Mom. Mea. Mom. MoB. NaB. MOB. MOB. ··Maa. 
COIBOn factor vb2 vb' vb2 Vb' .\ib2 vb3 Wb2 vb3 
Pos .. .0406 .0650 .. 0181 .0145 .0525 .. 0840 .0213 .. 0170 
0 .. 5 leg.. Con. .. 0713 .ll4O .. 0544 .. 0435 .0825 .. 1320 .. 0713 .0570 
1: .1790 ..0580 .1424- .0405 
Pos .. .036J. .0482 .. 0181 .0145 .0463 .. 06J..7 .. 0213 .. 0170 
0 .. 6 :Reg.. Con. .. 0651. .. 0868 .. 0539 .0431 .076.1 .. 1015 .0706 .. 0565 
1: .1350 .0576 .1064 .. 0403 
Pos .. .. 03].6 .. 0361 .. 0181 .0145 .O~ .. 0457 .. 0213 .. 0170 
0 .. 7 Neg.. Con. .. 0590 .. 0674 .0521 .. 0417 .. 0698 .0797 .0679 .0543 
1: .1.035 .. 0562 .0806 .0395 
Pos .. .. 0271 .0271 .. 0181 .. 0145 .. 0338 .0338 .. 0213 .0170 
0.8 Neg.. Con. .0529 .0529 .. 0494 .. 0395 .. 0634 ..06;4 .0624- .0499 
I: .. 0800 .0540 ..0614 .0378 
POSe .. 0226 .. 0201 .0181 .0145\ .. 0215 , .. 0244 .. 0213 .. 0170 
0 .. 9 leg. Con .. .0468 .0416 .. 0456 .0365 .0570 .. 0507 .. 0566 .0453 
I: .o6l1 .0510 .0463 .0;61 
POSe .. 0181 '~0145 .. 0181 .01.45 .. 0213 .. 01.70 .0213 .01.70 
~.O Neg. Con. .0406 .. 0325 .0406 .0325 .0506 .0405 .0506 ..0405 
1: .. 0470 .04-70 .0:;43 .0343 
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WILl ~1 
K)MBftS Df BDGB PAms ACCOlmDG 'fa DWMABK-SIISS. (CAB B) 
L fill span in clU'eetion perperJ!l1 C\\la:r to d1acoDt!llUDU e4p 
D:trece L D:trec. ~ Ratio :D1rec.L :D1rec. 
of of 
Sides )fax. !'otal Total Side. ~ ~- .Ifotal 
L Slab Sl&b SlaD Slab L S~ Slab 8lM Slab 
~ Mom. Moa. 1"-. MG •• t;: Ifam. Jba .. Moa. Mall. 
~D. factor w2 
.' Vb
2 Vb' 1fb2 .' n 2 vb' 
Pos. .046, .0740 .0200 .0160 1 .0188 .0150 .0250 .0222 0·5 lies. Con. .0788 .1260 .0688 .0550 0·9 .0471 .0377 .0535 .oJI.76 1: 
.l293 .0710 .0310 .0698 
Pos. • olIoS .0543 .0200 .0l6o 1 .0188 .0150 .0300 .0300 0.6 lies. Con. .0716 
·0955 .0670 .0536 o:s .0504 .o!io3 .0589 .0589 1: .0961 .0696 .0320 .0889 
Pos. .0353 .0403 .0200 .0160 1 .0188 .0150 .0350 .0Il00 0.7 Beg. Con. .0645 .0131 .0631 .0505 0'7f .0526 .. <>421 .oQ.3 .. 0134 1: .0724 ... 0665 .0321 .1l3Je. 
Pos. .0298 .0298 .0200 .0160 1 .0188 .0150 .. 0Il00 .0533 0 .. 8 .... Con. .0574 .. 0571e. .0581 .0465· o::t; .0539 .~'1 .0696 .. 0928 
1: .0541 .0625 .0330 .146l. 
Pos. .. 0243 .. 0216 .0200 .0160 1 .0188 .0150 .0450 .0720 0.9 Bee. Con .. .. 0502 .<AA7 .. 0531 .042; 0., .05"- .043' .0750 .1200 1: .0409 .0585 .0332 .1920 
POSe .. 0188 .0150 .0200 .0160 
1.0 Beg .. Con. .0431 .0345 .0481 .. O}s, 
L .. 0298 .. 0545 
MAXIMUM ELASTIC MOME:NTS FOR UNIFORMLY LOADED RECTANGULAR PLA'rES 
(Fro. Reference 10, pp. 242-250) 
MAX. POSITIVE MAX .. NEGATIVE MAX. POSITIVE MAX. REGATIVE 
I. I. M· M M M M M M M 
: .J. x x y x y x y x y 
I. 1 
x y 
FIXED AT ALL EDGES FIXED AT TWO ADJACENT EOOES 
1.0 1.00 .0176 .0176* .0515 .0515 .02311- .0249* .0700* .0700* 
1.1 0.91 .0217 .0166 .0585 .. 0544- .0285 .0238 .0787 .0735 
1.2 0.83 .0254 .0152 .0645 .. 0559 .0333 .0227 .0870 .0764 
1.3 0.77 .0287 .0136 .0690 .0568 .0378 .0210 .. 0935 .0781 
1.4 0.7J. .0314- .0120 .0730 .0571 .0415 .0196 .. 100 .0794-
1.5 0.67 .0338 .. 0107 .. 0758 .0571 .. 0450 .. 0189 .. 104 .0806 
2.0 0.50 .. 0400 .0095 .0833 .. 0571 .0559 .0166 .119 .. 0820 
FIXED AT THREE EOOES 
Simply Supported at One Short Edge Simply Supported at One Long Ed8e 
1.0 1.00 .0226 .. 0179* .0617* .0546 .0168 .0227 .. 0546 .0617* 
1.1 0.91 .0264 .0166 .. 0676 .0565 - .0217 .0229 .0650 .0676 
1 .. 2 0.83 .0296 .0151 .0720 .0575 .0266 .0223 .0741 .0720 
1.3 0.77 .0322 .0145 .0751 .0575 .0;14 .0213 .0820 .0752 
1.4 0 .. 71 .. 0345 .0139 .0787 .. 0575 .0357 .0199 .0893 .. oTIO 
1 .. 5 0 .. 67 .0362 .. 0133 .. 0800 .0571 .. 0397 .0182 .. 0944 .0788 
2.0 0.50 .0408 .0103 .. 0833 .0565 .0535 .0099 .114- .081; 
FIXED AT TWO OPPOSITE EDGES 
Simply Supported a.t Short Edges Simply Supported a.t Long Edges 
1 .. 0 1 .. 00 .0285 .0162* .0700 .0158 .0285* .. 0700 
1.1 0.91 .. 0;16 .0149 .0740 .0217 .0304 .0787 
1 .. 2 0.83 .0340 .0140 .0770 .0282 .0316 .0870 
1.3 0.77 .0360 .0136 .0794 .0351 .0320 .. 0935 
1 .. 4 0.71 .. 0376 .0134 .. 0813 .. 0422 .. 0318 .. 1000 
1 .. 5 0.67 .0:;88 .0132 .0820 .0490 .03].2 .105 
1.6 0.63 .0397 .0130 .. 0833 .0559 .109 
1.7 0.59 .0405 .0130 .0833 .0625 .112 
1.8 0.56 .0410 .0130 .0833 .0685 .. 115 
1.9 0.53 .0412 .0130 .0833 .0746 .118 
2.0 0.50 .0415 .. 0130 .0833 .. 0800 .. 0236 .119 
*See Notes Cont. 
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TABLE }2 (Cant .. ) 
MAX.. POSITIVE MAX.. NEGATIVE MAX.. POSITIVE MAX.. NEGATIVE 
1 1 M M M M M M M M 
.J. X X Y X Y X Y X Y 
1. r 
x y 
FIXED AT OD EDGE 
Fixed at a Short Edge rixed at a Long Edge 
1 .. 0 1 .. 00 .0243 .. o}4O* .0840 .. 0318 .0243* .0840 
1 .. 1 0.91 .. 0314 .. 0347 .. 0917 .0366 .0222 .. 0917 
1 .. 2 0.83 .. 0386 .0346 .0990 .0408 .0205 .0980 
1 .. 3 0.77 .046J. .. 0336 .104- .0446 .0193 .103 
1 .. 4 0.71 .0532 .0324 .109 .0476 .0184 .. 107 
1.5 0.67 .0603 .0310 .112 .. 0505 .01SO .lll 
1 .. 6 0.63 .. 0667 .. 115 .. 0526 .0177 .113 
1 .. 7 0 .. 59 .. 0725 .118 .. 0546 .0173 .1l6 
1.8 0.56 .. 0781 .. 1l9 .0562 .0170 .119 
1.9 0 .. 53 .0833 .. 120 .0575 .• 0169 .. 120 
2 .. 0 0.50 .. 0877 . .0258 .122 .0585 .. 0169 .. 120 
SIMPLY SUPPORTED 
AT ALL EDGES 
1.0 1.00 .0;68 .0;68* NOTES: 
1 .. 1 0.91 .0446 .0358 
1 .. 2 0 .. 83 .. 0524 .. 0344 Positive ~nts are given along 
1 .. 3 0 .. 77 .. 0595 .0324 the center lines of the panel .. 
1 .. 4 0 .. 71 .0667 .. 0305 
1 .. 5 0 .. 67 .. 0730 .0'288 All values presented correspond 
1 .. 6 0.63 .0787 .. 0277 to the mid-point of the section con-
1 .. 7 0.59 .0840 .0268 sidered, except those in colUMnS 
1.8 0 .. 56 .0885 .. 0260 marked with an asterisk .. In these 
1.9 0 .. 53 .. 0926 .0254 cases, the values presented corres-
2 .. 0 0 .. 50 .0962 .0248 pond to maxilNm mc:aents occurring off 
the mid-point of the section consid-
ered. 
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TABLE 33 
YIELD LOADS FOR ft'PlCAL IJImRIOR PAULS 
L :I span in the IIhort direction 
Yiel.ding as a Panel YieJ..d:!.ng as a Structure ~ 
L ~ ~ Xi ~. w ~ ex 'W 'WL WLl W :2 P Wy,orWLl 
Slabs Des1gDed Accord1Dg to ACI MI'lBOD 1 
0·5 .2659 .0431 12.34 1.!f.8 ·2999 1.20 .61.80 1.24- 1.20(L) 1.23 
0.6 .17-5 .0424 ~6.86 1·30 .2501 1.20 .4238 1.22 1.2O(L) 1.08 
0.7 ·l225 .o46l 3.80 1.2; .21 ... 1 1.20 .3106 1.22 l·20t) 1.02 0.8 .0885 .0482 2.;0 1.19 .1880 1.20 .2371 1.21 1.19 p~ 0·99 
0 .. 9 .0650 .048;) 1 .. 48 1.11 .. 1673 1.20 .1868 1.21 1.17 P 0.97 
1.0 .. 0485 .0485 1 .. 00 1.16 .1508 1.21 .1508 1.2l. 1.16(P) 0.96 
Slabs Designed According to ACI MB!IOD 2 
0·5 .2420 .048J. 10.06 1·39 .3"-3 1.38 .6102 1.22 1.22(Ll) 1.14 
0.6 .1531 .048J.. 5 .. ;1 1.21 .2554 1.2; .4228 1 .. 22 1.21(P) 0.99 
0.7 .1l46 .0481 ;.40 1.19 .. 2169 1 .. 22 .3098 1.21 1.1~P~ 0.98 0.8 .. 0875 .0481 .2.27 1.18 .1898 1.21 .. 2366 1 .. 21 1.1 P 0.97 
0.9 .0648 .0481 1 .. 50 1 .. 16 .. 1671 1.20 .. 186:; 1 .. 21 1 .. 1 P 0 .. 97 
1 .. 0 .0481 .0481 1.00 1.16 .1504 1.20 .1504 1.20 1.16(P) 0.91 
Slabs Designed According to )l)DIFlED E'.LAS'.rIC 'DIIX>RI ('I.L/TJL • 3) 
0·5 .2411 .0317 15·21 1·29 .3434 1·37 .6085 1.22 1.22(Ll) 1.06 
0.6 .1847 .0;71 8.11 1·33 .2810 1.38 .4170 1.20 1.~Ll) l.ll 0.7 .1408 .0471 4.27 1·37 .2431 1.:;6 ·3007 1.18 1.1 Ll) 1.16 
0.8 .1066 .. 0540 2.47 1 .. 40 .2089 1.3"'- .. 2242 1 .. 15 1.15 Ll) 1.22 
0·9 .. 0796 .0576 1.54 1.41 .1819 1.31 .1712 1.11 l .. 11(Ll) 1 .. 21 
1.0 .0582 .. 0582 1.00 1.40 .1605 1 .. 28 .1350 1.08 1.08(Ll) 1.:;0 
Slabs Designed AccordiDg to )l)DIFDm BLAS.fIC mEORI (LL/DL D 1) 
0.5 .. 2291 .. 0;00 15.27 1 .. 23 .3314 1.;; .. 6068 1.21 1.21(Ll) 1 .. 02 
0.6 .1764 .0359 8.19 1.27 .2781 1.54 .4152 1.20 l.20~Ll) 1.06 
0.7 .1351 .0451 4.28 1.;1 .. 2374 1·3; ·2987 1.1.7 1.17 Ll) 1.12 
0.8 .1026 .0520 2.47 1·35 .. 2049 1.;1 .2222 1.14 1 .. 14(Ll) 1.18 
0 .. 9 .0768 .0555 .1 .. 54 1 .. 36 .. 1791 1.29 .1691 1.10 l .. lO(Ll) 1.2"'-
1.0 .0562 .0562 1.00 1·35 .1585 1 .. 27 .13;0 1.06 1.06(Ll) 1.27 
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BBLI: 3} (Cant,,) 
1'DLD LOADS FORftPICAL IftmIOR pAma 
Yieldiq u .. Panel 
a 
0·5 .. 1704 .0525 6.49 1 .. 07 .2522 1.01 .6146 1.23 
0.6 .1285 .0522 4.10 1.08 .2l.O3 1.01 .4119 1.19 
0.7 .. 0987 .0513 2.75 1.09 . laos 1.01 .292.l 1.1l1. 
0.8 .0762 .0Je.98 1·91 1.10 .. 1580 1.01 .2157 1 .. 10 
0·9 .0590 .0477 1.37 1.10 .. 11wB 1.01 .1638 1 .. 06 
1.0 .0450 .0450 .'1 .. 00 1.08 .. 1268 1.01 .1268 1.01 
w 
1.01(L) 
~.O~L~ 1 01 L 
1.01 L) 
1.01 L~ 
1 .. 01 L 
w ;p 
1 .. 06 
1.07 
1.08 
1.09 
1·09 
1.07 
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TABLE 34 
YDIJ) LOADS FOR ftPlCAL EDGE PABLS 
L == span 1n direction perpendicu:l.ar to discontinuous edge 
Yielding as a Panel Yield:lDg as a. stru.ctm"e Summary 
L ~ ~ !{ ~ W ~ a W WL Wu W E P wLorwU 
Slabs Des1gne4 According to ACI METHOD 1 
0·5 .2030 .0556 7.;0 1 .. 24- .2805 1.12 .6J.22 1.22 lo~L~ 1.ll 0.6 .1;;6 .0619 ;.60 1.17 .2312 1.14 .4245 1.22 1.1 L 1.0; 
0·7 .0918 .065; 2 .. 01 1.14- .. 2052 1 .. 15 .. 3ll4- 1.22 1.14{P) 0 .. 99 
0 .. 8 .0645 .. 066; 1.22 1.13 .1811 1.16 .. 2319 1 .. 22 1.1;(P) 0.97 
,0·9 .0462 .0653 0.186 1.13 .1624 1.17 .1876 1.22 1.1;(P) 0.97 
1.0 .0333 .0632 0·527 1.14 .. 1461 1.17 .1518 1.21 1.1~P) '0 .. 97 1/0.9 .. 0328 .. 0828 0·351 1.17 .. 1821 1 .. 18 .. 1685 1.21 1.11 p~ 0·99 
1/0.8 .0312 
·1095 0.228 1.21 .2327 1.19,: .18:)5 1.21 1.1 L 1.02 
1/0 .. 1 .. 0292 .1491 0.131 1.28 .3058 1.20 .. 21.67 1.21 
l
o
20t 
1.07 
1/0 .. 6 .. 0328 .2111 0·093 1.44 .4254 1.22 .2524 1.21 1.21 Ll) 1.19 
1/0.5 .0363 .2800 0.065 1 .. 50 .6185 1.24 .3034 1 .. 21 1.21 Ll) 1.24-
Slabs Designed AccardiDg to ACI METHOD 2 
0.5 .. 2lll .0599 7·05 1 .. }O .3125 1.25 .6220 1.24 1.24(IJ.) 1 .. 05 
0.6 .. 1429 .0599 3 .. 98 1 .. 21 .2443 1.11 .4346 1.25 1.1~L) 1.03 
0.7 .1099 .0599 2.62 1.24 .2113 1.18 .. :;21.6 1.26 1.1 L) 1.05 
0.8 .0856 .. 0599 1.79 1 .. 27 .1810 1.19 .2~ 1.21 1 .. 19(L) 1.01 
0·9 .066; .0599 1.23 1·30 .1677 1.21 .1981 1.28 1.21(L) 1.01 
1.0 .0511 .0599 0.853 1·33 .1525 1.21. .1622 1·30 l.~L) 1.10 
1/0.9 .. 0511 .. 0777 0 .. 592 1 .. 32 .1881 1.22 .1800 1.30 1-~22 L) 1.08 
1/0.8 .05ll .1003 0.408 1.;2 .2319 1.22 .2026 1.30 l.22~L) 1 .. 08 
1/0.7 .. 0511 .l292 0 .. 277 1 .. 32 .3106 1.22 .2315 1 .. 30 1.22 L) ~.08 
1/0.6 .0511 .1677 0 .. 183 1 .. 31 .4226 1.22 .2700 1·30 1.22~L) ~.07 
1/0.5 .0511 .. 2480 0.10; 1.44 .6083 1.22 ·;503 1.40 1.22 L) 1.18 
SlAbs Designed According to MODIFIED ELASTIC TDORI (IL/DL g 3) 
0 .. 5 .2359 .0493 9·57 1.31 ·3313 1.;5 .5954 1.19 1.1~Ll) 1.15 0.6 .1708 .0614 4.611- 1.;9 .2722 1·31 .. 4023 1.16 1.1 Ll~ 1.20 
0.7 .,1225 .0119 2.43 1._2 .2239 1 .. 25 .2848 1.12 1.12 Ll 1 .. 27 
0.8 .0869 .0168 1.41 1 .. 42 .. 1883 1.20 ,,2086 1.07 1.01 Ll) 1.33 
0·9 .0610 .01tfJ 0.881 1 .. 41 .162~ 1 .. 17 .1584- 1.0; 1.03(Ll) 1 .. 31 
1.0 .04;14- .0744 0.583 1.40 .145; 1 .. 16 .1.250 1 .. 00 1.~Ll) ~.lw 1/0.9 .041; .0940 0.396 1 .. ;8 .1822 1 .. 18 .1963 1.41 1.1 L) 1.11 
1/0.8 .. 0;82 .. li85 0.258 1.35 .2355 1.21 .2208 1.41 1.21 L) 1.1.2 
1/0 .. 7 .. 0321. .. 1509 0.,149 1.;2 .:;084 1.21. .2532 1.42 1.21 L) 1.09 
1/0.6 .0264 .1921 0 .. 082 1.28 .4236 1.22 .. 2944 1.41 1. L 1.05 
1 o. .021.0 .. 2464 0.04 1.25 .6111 1. .. 22 • 487 1.40 1.22 L 1 .. 02 
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mBLE ~4 ~ Cont. ~ 
I'IELD LOADS FOR ftPlCAL EDGE PADLS 
L:: span in direction perpeDdicul.ar to ·d1scont:1.nuou edge 
Y1eldins as a Panel Yielding as a S~ S'WB&l'T 
L 1{ ~ ~ ,~ w ii ex W WL WIJ. W E P WLOZ'WIJ. 
Slab8 Designed Aecar4iDg to K>DIFIBD BLASfIC "'tom ('U.A/DL = 1) 
0·5 .2242 .0483 9 .. 28 1 .. 31 .3256 l .. }O .. 59"- 1 .. 19 l.~~) 1.10 0.6 .. 1624 .0602 4.50 1.;4 .2638 1 .. 27 .. 4011 1 .. 16 1 .. 1 Ll) 1 .. 16 
0.1 .ll67 .0705 20}6 1.36 .2181 1.22 .. 28:;4 1.11 1.11 Ll) 1 .. 23 
0.8 .. 0825 .0756 1.;6 1·37 .1839 1.18 .. 2014 1 .. 06 1.. Ll) 1·29 
0·9 .. 0517 .. 0756 0.84.8 1.36 .1591 1.15 .1571 1.02 1.02 Ll) 1.33 
1.0 .0410 .0729 0.562 1·35 .1429 1.14- .1235 0 .. 99 0·1~) 1 .. 36 1/0 .. 9 .. 0}87 .0917 0.;80 1 .. 33 • 1796 1.16 . .. 19Jw 1 .. 40 1 .. 1 L) 1.15 
1/0.8 .0352 .. ll51 0 .. 245 1·30 .2325 1 .. 19 .. 2174 1 .. 39 1.19(L) 1.09 
1/0.7 
·0290 .1458 0 .. 139 1 .. 25 .3053 1 .. 20 .2481 1·39 1.2O{L) 1.04 
1/0 .. 6 .. 024Ji. .1841 0.080 1.22 .. 42l6 1.21 .2864 1.38 1.~L) 1.01 
1/0.5 .0187 .2~2 0 .. 040 1.18 .6088 1 .. 22 .3365 1·;5 1.1 p) 0·97 
S~. Deeigned AccO'l'd1»g to DWMARK-SDSS MlmOD (Cue A) 
0.5 .1516 .0525 5.78 0.98 .2327 0.93 .6146 1.23 0.9~L) 1.05 
0 .. 6 .. 1142 .0522 3 .. 65 0·99 .1953 0 .. 94 .4119 1.19 0.9 L) 1.05 
0.1 .0875 .. 0513 2.44 1.01 .1686 0.94 .2921- 1.15 0.94(L) 1.07 
0.8 .0674 .0lt98 1.69 1.02 .1485 0 .. 95 .2157 1.10 0.9~L) 1.08 0.9 .0521 .0477 1.21 1.03 • 1332 0.96 .1638 1.06 0.9 L~ 1.07 . 
'1.0 .. 0396 .0450 0.880 1 .. 01 .1207 0.97 '.1268 1.01 0 .. 97 L 1.04 
1/0.9 .0418 .0590 0.638 1.oA. .1569 1.02 .11w8 1.01 1.01f~) 1.03 1/0.8 .0436 .0762 0.458 1.05 .2080 1.07 .1580 1.01 1.01 Ll) 1.04 
1/0.7 .. 0448 .0987 0.318 1.05 .2835 1.ll .1805 1.01 1.01 Ll) 1.04 
1/0.6 .0455 .1285 0 .. 212 1.04 .. 4021 1.16 .2103 1.01 l·°ti~) 1.03 1/0.5 .0458 .1704 0.134 1.04 .60;0 1.21 .2522 1.01 1.01 IJ..) 1.03 
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TABLE ~~ 
YIELD LOADS FOR ftPICAL camom PAIIIS 
L - span in the short d.:ireetion 
Yielding as a Panel Yielding as a S't1ructure 
L I{ ~ I{ ~ w Ii ex W WL WLl W, E P wLorWLl 
Slabs Designed Aceord1Dg to ACI M!mOD 1 
0·5 .2461 .0404 12.18 1.37 .2799 1.12 .6105 1.22 1.l2(L) 1.22 
0.6 .1620 .0398 6 .. 78 1.21 .2310 1.14 .4180 1 .. 20 1.1I;.(L) 1.06 
0.1 .1l40 .0431 :;.18 1.15 .2053 1.15 ·}o53 1.20 1..15~P) 1.00 
0.8 .0825 .0450 2.29 1.11 .1813 1.16 .2322 1.19 l .. ll p) 0 .. 96 
0 .. 9 .. 0608 .. ~58 1.48 1.10 .1622 1.17 .1826 1.18 1..1O~P) 0.911-
1.0 .0454 .0454 1.00 1·09 .1468 1.18 .1468 1.18 1.09 p) 0.92 
Slabs Designed According to ACI ME'mOD 2 
0.5 .2233 .0608 1.35 1.36 .32-7 1.}O - .6186 1.24 1.24(Ll) ,1.10 
0.6 .16l2 .0608 4.42 1.33 .2626 1.26 .4326 1.25 1.~L1~ 1.06 0.7 .l26o .0608 2.96 1 .. 37 .2214 1.21 .3205 1.26 1. Ll 1·09 
0.8 
·0995 .0608 2.05 1.~ ·2009 1.29 .2478 1.21 1.27 Ll) 1.10 
0 .. 9 .0781 .0608 1." 1.43 .1801 1.:5<) .1979 1.28 1..2~L1) 1.12 
1.0 .0608 .. 0608 1.00 l.~ .1622 1 .. }O .1622 l .. }O 1.;0 Ll) 1.12 
Slabs Designed Accord1Dg to K)DIFmD ElASTIC mEORI (u../DL • 3) 
0 .. 5 .2434 .0316 15 .. 41 1 .. 31 .. :;448 1 .. 38 .6035 1.21 1.21!L1) 1.08 0.6 .1819 .0396 1.66 1.32 .28:;:; 1.36 .4156 1.20 1.20 Ll) 1.10 
0.1 .1:;60 .0468 4.15 1.33 .2314 1.33 .2982 1.11 1.17 Ll) 1.14 
0.8 .1011 .0524 2.43 1.34 .2031 1.30 .22l2 1.13 1 .. 13 Ll) 1.19 
0 .. 9 .0748 .0554- 1·50 1.34- .1162 1 .. 21 .. 1681 1.09 1.09(Ll) 1.23 
1 .. 0 .0556 .0556 1.00 1.34 .1510 1.26 .1317 1 .. 05 ,1.05(Ll) 1.28 
Slabs Designed According to )l)DIFIED ELAS'fIC mEORI (u.,/DL • 1) 
0·5 .2328 .. 0305 15 .. 26 1.25 .3342 1.34 .. 6024 1.21 1..1L1) 1.03 0.6 .1750 .0380 1.68 1 .. 27 .2764 1·33 .4140 1.19 1.19 Ll) 1.01 
0.7 .1313 .0449 4.18 1 .. 28 .2321 1 .. 31 .. 2963 1 .. 16 1.1 IJ..) 1 .. 10 
0.8 ,,0983 ,,0506 2.43 1 .. 30 .. 1997 1 .. 28 .2194 1.12 1.~L1) 1.16 
0.9 .0728 .0539 1·50 1·30 .1142 1 .. 26 .1666 1 .. 08 1 .. 0 Ll) 1.20 
1.0 .O5~ .. 0540 1.00 1·30 .1554 1. .. 24 .1302 1 .. 04 1.o4(Ll) 1.25 
~ 3' (cut.) 
YDLD LOADS FOB !IPICA.L OOBllE PADLS 
L • ISJ&Il in the tIbA'rt tinction 
Y1el.41Dg u .. ~ 
0·5 .1516 .0458 6.62 A n.~ ;2327 no n'% :'6030 1.21 O.9"&1L~ ... I\Il9I v.':!;) "'e:;!;} ..... v ... 0.6 .ll~ .~55 11..18 0.96 .195'· o.~ .~ 1.16 oomL 1.02 0·7 .0875 ·e~ 2.79 0.97 .1686 O.~ .28:5, 1.U . L 1.03 
0.8 .061ie- .oJI.,6 1.93 0.97 e11185 0.95 .2080 1.07 0.95 L~ 1.02 
0·9 .0521 .0418 1 .. 39 0.96 .1'32 0.96 .1569 1.02 0.. L 1.00 
1.0 .0396 .. 0396 1.00 0.95 .l207 0.97 .l207 0·97 0.95(1') 0.98 
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TABLE 26 
YIELD LOADS FOR PAXELB COftIlUOUS A'l. TWO OPPOSITE EDGES 
L := span in the continuous direction 
YieldiDg as a Panel Yield1Dg as a structure SUmmary 
L 1{ ~ Hi ~ w W WL WIJ.. W E ~ a p wLorWIJ.. 
Slabu Des1gued Ac;cord:1.Dg to ACI ME'lBOD 1. 
0·5 ·2910 .0272 21.40 1.49 .3070 1.2; .7554 1.51 1. 23t) 1.21 0.6 .. 2335 .. 0261 14.87 1·51 .2557 1.2; .5214 1.50 1.2; L) 1.23 
0.1 .1795 .0267 9.60 1.46 .. 2192 1.23 .3802 1.49 1.23 L) 1 .. 19 
0.8 .1329 .0290 5.73 1.37 .1918 1.23 .2903 1.49 1 .. 23(L) 1.11 
0.9 .1017 .0310 ;.65 1.33 .1704 1.23 .2287 1.48 1..23~L) 1.08 
1.0 .0795 .032; 2.46 1 .. ;1 .15;4 1.23 .1846 1.48 1.23 L) 1.07 
1/0.9 .0841 .0460 1.65 1.;0 .1894 1.23 .2047 1.47 1.23(L) 1 .. 06 
1/0.8 .0874 .. 0661 1.06 1·31 .2396 1.23 .2297 1.47 1.2;(L) 1.06 
1/0.7 .08')3 ·0970 0.644 1.3; ·3132 1.2; .2617 1.47 1.23{L) 1.08 
1/0.6 .0878 .1454 0 .. :;62 1.38 .4262 1.23 .:;048 1.46 1.23(L) 1.12 
1/0.5 .0817 .2254 0.181 1.47 .6138 1.2; .;653 1.46 1.2;(L) 1.20 
Slabs Designed According to ACI MEmO» 2 
0.5 .2625 .. 0510 10 .. 29 1 .. 50 .. 3648 1.46 .7385 1 .. 48 l.~L) 1 .. 0; 0.6 .18')5 .0510 6.19 1.44 ·2918 1.~ .5093 1.41 1.Jw L) 1.0; 
0.7 .1479 .. 0510 4.14 1.45 .2502 1.40 .3711 1.45 1.~ L) 1.04 
0 .. 8 .1.167 .0510 2.86 1.46 .2190 1.40 .2815 1 .. 44 1.40 L) 1.04 
0·9 .0924 .0510 2.01 1.47 .1947 1.40 .2200 1.4; 1.40 L) 1.05 
1.0 .0714 .0510 1.40 1.46 .1731 1.;9 .1760 1.41 1.39(L) 1.05 
1/0.9 .0714 .0660 0.914- 1.41 ·2097 1.36 .1910 1.:;8 1.3~L) 1.04 
1/0.8 .0114 .083; 0.686 1.3~ .2600 1·33 .2083 1.33 1.33 L~ 1.01 
1/0.7 .0714 .1057 0.473 1.28 .:;334 1.;1 .2307 1.29 1..2~P 0·99 
1/0.6 .0114- .1354 0.}16 1.23 .4465 1 .. 29 .. 2604 1 .. 25 1 .. 23 p) 0.98 
1/0 .. 5 .. 0714- .18'75 0 .. 190 1 .. 24 .6339 1 .. 27 ·3125 1 .. 25 1 ,,2lt{P) 0·99 
~;6 (Cont.) 
L • sp!U'l in the cont1DUO'W1 direction 
Yielding as a Puel Y1eldins as a St.ructu're Sllllll817 
L ~ ~ z{ ~ W ~ a W W W. W R P L Ll 'WLorWLl 
S~, Designed AccordiJlg to IIlDlFIBD BLASfiC m:IOKI (IL/DL - ;) 
0.5 .. 2500 .. 0191 26 .. 18 1.25 .;523 1.41 .7616 1 .. 52 1 .. 25(p) 0 .. 89 
0 .. 6 .• 1965 .021&.; 1; .. 48 1·29 .2988 1.43 .. 5295 1·5; 1.~P) 0.90 
0 .. 7 .15811- .0284 7·97 1 .. 3; .. 2607 1.46 ·3919 1 .. 54 1·33 p) 0·91 
0 .. 8 .. 1302 .. 0325 5·01 1·39 .2325 1.49 .:;020 1 .. 55 l.~P) 0.93 0.9 .1065 .0343 ;.45 1.42 .2088 1·50 .. 2;80 1·54- 1.lI.2 p) 0·95 
1.0 .0882 .0362 2.44 1 .. 45 .1.143 0.91 .1919 1·54 0.91 L) 1·59 
1/0.9 .. 0991 .0527 1.69 1·52 .. 1426 0 .. 92 .2131 1·53 oomL) 1.65 1/0.8 .. 1074 .0771 l .. ll 1 .. 51 .1865 0 .. 96 .. 2341 1.~ 0 .. 9 L 1.64 1/0 .. 7 .. 1122 .. 11;1 0.694 1.60 .2531 0 .. 99 .2604- 1. 0.99 L) 1.62 
1/0 .. 6 .1065 .1613 0.;82 1.62 .. ;66la. 1.06 
·2923 1.lio 1. L) 1 .. 5; 
1/0.5 .. 0966 .2508 0 .. 193 1 .. 66 .56;0 1.13 ·3758 1·50 1.13 L) 1.47 
Slab. Designed According to K>DlFIBD ELASfiC ftPJRI (IL/DL D 1) 
0·5, .. 2383 .0145 32 .. 87 1 .. 17 .3Ato6 1 .. 36 .. 7510 1 .. 51 1 .. 17(P) 0 .. 86 
0 .. 6 .. 188<) .. 0203 15·51 1.22 .2912 1.AK> .5255 1·51 1.~P) 0.87 0 .. 7 .. 1536 .. 0238 9 .. 22 1.26 .2559 1 .. 43 .3873 1·52 1 .. 2 p) 0.88 
0 .. 8 .. l27l .. 02~ 5·59 1 .. ;2 .. 2294 1.47 ·2919 1·52 1.'2~P~ 0.90 0 .. 9 .1047 .. 0301 3 .. 79 1·35 .2070 1 .. 49 .. 2344 1·52 1.35 P 0·91 
1 .. 0 .0871 .. 0328 2.66 1 .. ~ .. 1132 0.91 .. 1885 1·51 0.91 L) 1.54-
1/0.9 .. 0982 .. 0486 1 .. 82 1.~ .1411 0·92 .2096 1 .. 51 0·92 L) 1.59 
1/0 .. 8 .. 1061 .. 0719 1 .. 19 1 .. 51 .1858 0·95 .2289 1.41 0·95 L) 1~59 
1/0.1 .1122 .. 1013 0·132 1 .. 56 .. 2531 0 .. 99 .. 2546 1 .. 43 0 .. 99 L) 1 .. 58' 
1/0 .. 6 • 1065 .1617 0.395 1.58 .36611- ~'.06 .. .2867 1.38 1 .. 0 L) 1.49 
1/0.5 .0966 .2450 0 .. 191 1.63 .. 5630 1.13 ·3700 1,,48 1.1; L) 1,,44 
TABLE 37 
BASIC FACTORS FOR ,APPLICATION OF THE MARCUS PROCEDURE TO SINGLE PANEL PLATES 
Restraint CASE 1 CASE 2 CASE :3 CASE 4 CASE 5 Conditions 
Span A Simply supp. Continuous Simply sUPP It Simply supp. Continuous both ends both ends both ends and continuous both ends 
Span B Simply supp .. Continuous Continuous Simply supp. Simply supp .. both ends both ends both ends and continuous both ends 
wA 
B4 B4 B4 B4 5B4 
A4 + B4 A4 + B4 5A4 + B4 A4 + B4 A '4 + 5134 
u 
B4 B4 B4 ~ B4 5134 
Vt 
~ 1 .. 1 .. 1 .. 1 " ~ 
WA2 
g A4 + B4 24 A 4 + Bli g 5A4 + B4 12 .. A4 + B4 2Ii:" 
e 
A'fi. + 5B'fi. 
CPA 
5 .. A~2 Ii. A~2 t. A~2 15 .. A~2 ~ .. A~2 
b A4 + B4 1 A4 + B4 5A4 ... B4 32 A4 + B4 18 A4 + ~4 
M - W - wA 
... VI 
An2g A A 12~1-CPAJ "8 12 
. VA 
Note: A := span in the dirlection considered 
B. span in the pe~~endicular direction Cont. 
TABLE 37 (Cont-d) 
BASIC FACTORS FOR APPLICATION OF THE MARCUS PROCEDURE TO SINGLE PANEL PLATES 
Restra.int CASE 6 CASE 7 . CASE 8 CASE 9 Conditions 
Span A Simply supp. Simply supp. Simply supp. Continuous 
and continuous both ends and continuous both ends 
Span B Simply supp. Simply supp. Continuous Simply supp. both ends and continuous both ends and continuous 
wA ~B4 2B4 B4 2B4 
2A4 + 5B4 5A4 + 2B4 2A4 + B4 A 4 + 2Bij. 
", 
mA ~. 5B4 1 • 2B4 9 " B4 1 . 2B4 ~ m 
wA2 12 2A 4 + 5'fJ 4 B 5A4 + 2B4 128 2A'fi. + B'fi. 2Ii' A4 + 2B4 
tpA 75 • A~2 5 • A~2 ll· A~2 .2 • A~2 32 2A'fi. + 5B4 3 5A4 + 2B4 32 2A4 + B4 9 A4 + 2B4 
MAnes -w -w ... w A A A 
WA2 cr "1r 12 
Note: A = span in the direction considered 
B III span in the perpendicular direction 
TABLE 38 
AVERAGE VALUES OF M/Me1a.stic FOR ISINGLE PANEL PLATE:S 
M/Me1e.stic 
Panel 
Case SHORT SPAN LONG SPAN' 
Positive Negative Positive Negative 
ACI .. 1 MET ACI-l MET ACI ... 1 MET ACI ... 1 MET 
[IJ 1.10 0.98 1.25 1.04 (1.06-1.15) (0·98-0.99) (1.14 ... 1·34) ( 0.94-1.,10) 
rn 0.80 0·95 0.61 0.89 1.01 1.15 0.41 0 .. 61 
• (0.14-0.93 ) (0.91-1.02) (0.54 ... 0.89) (0.81-0.95) (0.79-1.23) (0.97-1 .. 27) (0.37-0 .. 54) (0.35-0 .. 81) ~ 0·50 0.89 EJ 1.19 1.07 0·79 1.02 (0.98-1.50) (1.00-1.14) (0.75-0.93) (0.94-1,.23 ) (0.37-0.62) (0 .. 67-1.00) 
(IJ 0.99 1 .. 09 0.74 0·99 1.07 1.11 0.52 0.68 (0.95-1.12) (1.05-1.13) (0.61 ... 0·94) (0.92-1.02 ) (0·95-1.17) (0.90-1.17) (0.40-0.61) (0·37-0.92 ) 
CD 0.86 0·92 0·79 0·98 1.40 0.85 (0.76 ... 0.95) (0 .. 91-0·94) (0.62 ... 0·94) (0.97-1.00) (1.10 ... 1.53) (0.46 ... 1.11) 
m 1.01 1.05 0.78 1.05 1.40 1.01 (0.94-1.11) (1,,04-1.05) (0.63-0·96) (1.01-1.07) (1.25-1.51) (0.65-1.15) 
m 1.15 1·07 0.94 1.05 0·52 0.87 (1.04 ... 1 .. 31) (1.01 .... 1.12) ( 0.88 .. 1".01) (0·99 ... 1.11) (0.38 .. 0.63 ) (0.56-1 .. 06) 
rn 1.11 0.67 0.89 1.01 1.18 0·50 0·75 8 0·97 (0·92-1.06) (1.05-1.18) (0·58-0.82) (0.76.0·97) (0.78-1.57) (1.00 ... 1.65) (0.40-0.59) (0,,47-0.93) 
1.11 1.02 0.49 0·52 (1.00 ... 1.19) (0.76-1.12 ) (0.38 ... 0 .. 58) (0.27-0.76) 
Note: Values in parentheses indica.te range of mcment ratios for panels with ratio of sides between 0.5 and 1.0. 
Conditions 
of restraint 
at ends ot 
span con-
sidered. 
TABLE 39 
AVERAGE RATIOS OF M/Melastic FOR PLATES WITH DIFFERENT RESTRAINT CONDITIONS 
M/Melast1C 
SHORT SPAN LONG SPAN 
Positive Regative Positive Negative 
ACI .... l MET ACI-l MET ACI-l MET ACI-1 MET 
Simply sup... 1.14 1.04 1·35 0·97 
pOl~ed at (0.98-1.50) (0.98-1.14) (1.10-1.53) (0.46-1.15) 
both ends 
Simply sup-
ported at one 0.99 1.08 0.73 0.98 1.04 1.06 0.51 0.70 
en~L and fixed (0.92-1.12) (1.04-1.18) (0.58-0.96) (0.76-1.01) (0.88-1.19) (0.76-1.17) (0.38-0.63) (0.27-1.06) , 
at the other 
Fixed at 
bot,h ends 
0.83 0.94 0.73 0.94 0.94 1.11 0.49 0.75 
(0.74-0.95) (0.91-1.02) (0.54-0.94) (0.81-1.00) (0.75-1.51) (0.94-1.65) (0.37-0.62) (0.35-1.00) 
Bot~ - Values in parentheses indicate ra~ of moment ratios for panels with ratio of sides between 0.5 and 1.0. 
a 
Vf 
o 
V1 
e 
TABLE 40 
AVERAGE DIFFERENCES BETWEElf M AID Melast1c FOR PLATES WITH 
DIFFERmr RATIOS OF SIDES 
Positive Negative 
ACI ... 1 MET ACI~l MET 
b/s. • 0.5 710 410 910 2;' 
Short span (0.93-1.15) (0.91 ... 1 .. 05) ( o. 82 -0 .94 ) (0.95-1.01) 
b/a - 1.0 2~ 710 4~ c;;, 
Square Panel (0.76-1.50) (0.94 .. 1.18) (0.54-0.63 ) (0.76-1.06) 
b/a ::: 0.5 18;' 2610 62~ 55~ 
Long Span (0·93-1.57) (0.46-1.65) (0·37-0.40) (0.27-0.67) 
Rote. Values in parentheses indicate range of moment ratios for panels 
wi th any condi tiona of rest·raint. 
TABLE 41 
M<IIENTS Ilf TWO ELASTIC PLATES ACCORDIBG am DIFFERENT METH>DS OF ANALYSIS 
I 
-1 -Ie. -6 
-} 8 -9 
-2 -5 -1 
PlATE A PlATE B 
MaentZwl2 I Type of Moment Sec- Location Ratio of Moments ~ Loe.d1ng tion Frame Marcus Exact Frame An .. Marcus ~ 
• Anallsis Procedure Anallsis Exact Exact 
Positive End Panel ,,0311 .. 0338 0 .. 94 0 .. 98 < Mi ddle Panel 
"Oll6 .. 02~6 0 .. 64 0 .. Uniform Interior S ort O .. bO 1.01 .Oli B • B ~ Checlter- Positive End Panel " ° .035 1 .. 20 1.00 board Middle Panel ~0386 .032 1.20 0.98 
4 Comer Panel .0249 / .0268 .0250 1 .. 00 1·07 
Positive 5 Edge Panel; Cant. span .0148 .0226 .0225 0.66 1 .. 00 6 Edge Panel; Disc. span .. 0181 .0196 .. 0156 1.20 1.26 
Uniform A 
Interior Panel .012~ •0112 .. 0114 O"ll 1.0 
~ lIegat1ve Corner-Edge support .. 0311 • 0590 .0632 0. 0 0 • 
~ Checker- E e-Intenor as ort .. 02 .041 .. 04 0 .. 62 0.88 Corner Panel ~0333 .0311 .0303 1 .. 10 1.05 Positive 5 Edge Panel; Coot. span .0315 .0295 .0295 1 .. 07 1 .. 00 board 6 Edge Panel; Disc. span .0254 .. 0280 .0260 0.98 1.08 
7 Interior Panel ,,0250 .0212 .0264 0·95 1.0; 
TABLE 42 
DERIVATION OF, DESIGN COEFFICIENTS FOR SQUARE PANELS 
Elastic Moments Factors ot Reduced Moments C ff l+k One -w8.Y Mom qorrected Mo- O; s · ··;:lMax Des Man Type of Panel 
ment Total Distribution Total Max. or Moments Max .. Ave .. and One-W Com... Round- (Square 
VaJ.ue Factor across Reduction* across Design M ~ puted off Panels)" section section Moments omen • Value Value 
Interior POSe .027 ,,65 .0176 0·38 .0169 .0203 1/12 4.10 4.00 1/48 Neg. .068 .65 .. 0442 0.62 .0276 .0332 1/12 2.50 2·50 1/30 Panel Sum .0618 0·12 .0445 
Interior in Pos. .033 ·70 .0231 0·38 .0211 .0254 1/12 3,,28 3 .. 00 1/36 
single row Neg .. .017 ·70 .0539 0.62 .0343 .0412 1/12 2.02 2.00 1/24 
of panels Sum .0710 0·12 .0554 
D 
Edge Panel POSe .031 .675 .0209 0.38 .0190 .0228 1/12 3 .. 65 3 .. 50 1/42 '(g 
Continuous Neg. .012 .675 .0486 0.62 .0311 .0374 1/12 2.22 2.25 1/21 ~ 
Span Sum .. 0695 0·72 .0501 
Corner Pos. .032 .615 .0216 0.54 .0222 .0067 1/10 3.74 3 .. 50 1/35 
Panel Neg. .077 .675 .0520 0·92 .0377 .0453 1/8 2·16 2·15 1/22 
Sum .0476 0.86 .0410 
Edge Panel Poe. .028 .65 .0182 0.54 .01.93 .0232 1/10 4.31 4 .. 50 1/45 
Discontinuous Neg. ~072 .65 .0468 0·92 .0329 .0395 1/8 3.16 3·00 1/24 
Span Sum .0416 0.86 .0358 
Two-panel Pos .. .. 035 ·10 .0245 0.54 .0251 .0302 1/10 3·31 3 .. 00 1/30 
Slab Neg. .084 
·70 .0588 0·92 .. 0421 .0512 1/8 2.44 2 .. 50 1/20 
Cont. Span Sum .0539 0.86 .0464 
*For eaoh panel, the top two values are distribution factors of total panel moment to positive and negative 
moment sections. The third value 'indicates the total moment reduction factor due to redistribution of stresses. 
**Values in this column agree exactly with those proposed by Westergaard. 
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Notation 
APPENDIX 
MODIFIED ELASTIC THEORY METHOD (METHOD 2A) 
A = length of clear span in short direction 
B = length of clear span in long direction 
C = moment coefficients for two-way slabs as given in Tables 2, 
3, 4. Coefficients have identifying indexes, such as 
CAnegJ CBneg, CAD' CBD, CAL' CBLD 
m = ratio of short span to long span for two-way slabs 
W uniform load per sq ft. For negative moments and shears, 
W is the total dead load plus live load for use in Table 2. 
For positive moments, w is to be separated into dead and 
live loads according to Tables 3 and 4. 
wA' wB = percentage of load w in A and B directions according to 
Table 1* These shall be used for computations of shear 
and for loadings on supports. 
(a) Limitations 
A two-way slab shall be considered as consisting of strips in each 
direction as follows: 
A middle strip one-half panel in width, symmetrical about panel 
centerline and extending through the panel in the direction in which moments 
are consi dered 0 
A column strip one-half panel in width, occupying the two quarter-
panel areas outside the middle stripo 
Where the ratio of short to long span is less than 0.5, the slab 
shall be considered as a one-way slab and is to be designed according to 
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accepted methods, but negative reinforcement, as required for a ratio of 0.5, 
shall be provided along the short endo 
At discontinuous edges) a negative moment three quarters (3/4) of 
the positive moment is to be used. 
Critical sections for moment calculations are located as follows: 
For negative moment, along the edges of the panel at the faces of the 
supports. 
For positive moment, along the centerlines of the panels. 
(b) Bending moments 
The bending moments for the middle strips shall be computed by the 
use of Tables 2, 3, and 4 from the formula 
and 
The bending moments in the column strips shall be gradually reduced 
from the full value MA and ME from the edge of· the middle strip to one-third 
(1/3) of these values at the edge of the panel. 
Where the negative moment on one side of a support is less than 
80 percent (80%) of that on the other side, the difference shall be distributed 
in proportion to the relative stiffhesses of the slabs. 
(c) Shear 
The shearing stresses in the slab may be computed on the assumption 
that the load is distributed to the supports in accordance with Table 1. 
(d) Supporting beams 
The loads on the supporting beams for a two-way rectangular panel 
shall be computed using Table 1 for the percentages of loads in nAil and "BIf 
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directions 0 In no case shall the load on the beam along the short edge be 
less than that of an area bounded by the intersection of 45-degree lines from 
the corners. The equivalent uniformly distributed load per linear foot on this 
short beam is 
wA 
3 
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TABLE 1 
MODIFIED ELASTIC 'mEOBY 
PERCEITAGES OF LOAD "W" m "An & ":en D~O.S 
Ratio Case 1 Case 2 Case 3 Case 4 Case 5 Case 6' Case 7 Case 8 Case 9 
A D DOD 0 DOD m--B 
W .50 .. 50 .. 17 .50 .83 ·71 .29 ·33 .67 1.~ A 
·50 :50 :83 .50 .17 .29 .. 71 .67 ·33 B 
WA .. 55 ·55 .20 .. 55 .86 ·75 ·33 .38 ·71 
.95W .. 45 .45 .80 .• 45 .14 .25 .67 .62 .29 B 
WA .60 .60 .23 .60 .88 ·79' .38 .43 ·75 
.9OW, 
.. 40 .. 40 
·71 .. 40 .12 .21 .62 .57 .25 B 
w .66 .66 .28 .66 
·90 .83 .43 .49 .79 
.85w A 
.,4 .. 34 
·12 .34 .10 .17 .57 .51 .21 B 
W 
·7i ·71 ·33 ·71 ·92 .86 .. 49 .55 .83 .8~ A 
.29 .29 .. 67 .29 .08 .14 .. 51 .45 .17 B 
WA .76 .76 ·39 .76 .. 94 .88 .56 .61 .86 
.75W .24 .24- .61 .24- .06 .. 12 .44- .. 39 .14 B 
w .81 .81 .45 .81 
·95 ·91 .62 .68 .89 .7~A 
.19 .19 ·55 .19 .05 ·09 .38 ·32 .11 B 
W .. 85 .85 .53· .85 .96 .. 93 .69 .74 ·92 
.65w A 
.15 .15 .47 .15 .~ 
·07 ·31 .26 .08 B 
W .89 .89 .61 .. 89 .. 91 ·95 .16 .80 .94 .6~ A 
.11 .ll 
·39 .. ll .. 03 .05 .24 .20 .06 B 
w .. 92 .. 92 .. 69 .. 92 .98 .. 96 .. 81 .85 .. 95 
.. 55w A 
.. 08 .08 
·31 .. 08 .02 .. 04 .19 .15 .05 B 
w .94 
·94 .16 .94 .. 99 ·97 .86 .. 89 ·97 
.5flw. A 
.. 06 .06 .. 24 .. 06 .. 01 .03 .14 .11 .03 B 
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TABLE 2 
MODIFIED ELASTIC TmDRY 
COEFFICIEITS FOR IfEGA.fiVE MCKEITS: MA neg :: C A neg x W x A2 
M.B neg 81: CB neg x W x 11-
Ratio Case 1 Case 2 Cue; Cue 4 Case 5 Case 6 Cue 7 Cue 8 Case 9 
A D DOD 0 D DOD m--B 
CAneg .045 .. 050 ~015 ~'07l .. 0;3 .061 
1.ooC .045 .076 .050 
·071 .061 .. 033 Bneg 
CADeg .050 .. 055 .079 ·075 .038 .065 
.95C neg .041 .012 .. 045 .061 .056 .029 B . 
CAneg .. 055 .. 060 .080 ·079 .04.; .068 
~90C 
.036 .. 010 .. 040 .062 .052 .025 Bneg 
CAneg .060 .066 .082 .083 .oq.9 .012 
.85C .0;1 .065 .034 .051 .046 .021 Bneg 
CAneg .065 .. 011 .084 .086 .055 ·075 
·80C .026 .. 061 .. 029 .051 .041 .011 Bneg 
CAneg .069 .. 076 .. 085 .088 .. 06l. .. 078 
.75c neg .022 .. 056 .024 .044 .036 .014-B 
CAneg .014 .. 081 .. 086 ·091 .068 .. 081 
.10cBneg 
.017 .. 050 .019 .038 .. a29 .Oll 
CAneg ·077 .085 .081 .. 093 .014 .08; 
.65C .014 .043 .015 .031 .024- .008 
. Bneg 
CAneg .. 081 .089. .088 .. 095 .080 .085 
.60C .010 .. 035 .. Oll .024 .018 .006 Bneg 
CAneg .084- ·092 .089 ·096 .085 .086 
055C neg 
·007 .028 .008 .019 .. 014 .005 B 
CAneg .086 ·094 ·090 ·091 .089 .088 
.50cBneg .006 .022 .006 .014 .010 .. 003 
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MODIFIED ELASTIC 'l'BPX)RI TABLE 3 
COEFFICIDTS FOR DEAD LOAD MA po~ • C A DL x W x A2 
POSITIVE MOMEBTS 
- 2 ~P08DL·CBDLxWxB 
Ratio Case 1 Case 2 Case 3 Case 4 Cue 5 Case 6 Cue 7 Case 8 Case 9 
A D DOD 0 0 DOD IIl:-B 
CADL .. 0;6 .018 .018 .. 027 .. 027 .033 .. 027 .. 020 .. 023 
1 .. ooC DL .. 036 .018 .027 .027 .018 .. ~1 .033 .023 .. 020 B 
CADL .. 040 .. 020 .. 021 .030 .. 028 .. 036 .031 .022 .024 
.95C DL .. 033 .. 016 .. 025 .. 024 .015 .. 024 .. 031 .. 021 .017 B 
CADL .045 .. 022 .. 025 .033 .. 029 .. 039 .. 035 .. 025 .026 
·90CyfL .. 029 .. 014 .. 024 .022 .013 .021. .028 .019 .015 
CADL .050 .024 .. 029 .036 .031 .. 042 .040 .029 .028 
.85C DL .026 .012 .. 022 .019 .. Oll .017 .. 025 .. 017 .013 B 
CADL .055 .026 .. 034 .039 .032 .. 045 .045 .. 032 .029 
.80C DL .. 023 .. 011 .020 .016 .. 009 ~O14 .022 .015 .. 010 B 
CADL .. 061 .028 .040 .043 .. 033 .. 048 .. 051 .. 036 .031 
-75C DL .. 019 .009 .018 .013 
·007 .012 .020 .013 -007, B 
CADL .068 .030 .046 .046 .035 .051 .. 058 .04.0 .033 
670CyfL 
.016 .007 .016 .011 .005 
·009 .017 .011 .006 
CADL .014 .032 .054 .050 .036 .054 .065 .044 .034 
.. 65cp .. 013 .. 006 .014 ·009 .004 .007 .014 ·009 .005 
CADL .081 .034 .. 062 .. 053 .. 037 .. 056 .. 073 .. 048 .036 
.. 60cp 
.010 .. 004 - .011 .. 007 .003 .006 .012 
·007 .. 004 
CADL .. 088 .. 035 .. 071 .. 056 .0:;8 .058 .081 .052 .037 
.. 55CJfL .. 008 .003 .. 009 .. 005 .. 002 .. 004 .. 009 .005 .003 
CADL ·095 .037 .080 .. 059 .. 039 .. 061 .. 089 .056 .0:;8 
.. 50CJfL .006 .002 .007 .~ .001 .003 .. 007 .004 .002 
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TABLE 4 
MODIFIED ELASTIC THmBI 
COEFFICIEITS FOB LIVE LOAD 2 MA pos LL IIII!I CA LL x W x A POSITIVE M(J(EIflS 2 ~posLLDCBLLxWxB 
Ratio Case 1 Cue 2 Cue 3 Cue 4 Cue 5 Cue 6 Case 7 Cue 8 CUe 9 
A D DOD 0 D DOD m=-B 
CALL .036 .021 .021 .032 .032 .035 .032 .. 028 .. 030 
1.00
CIfL .. 036 .027 .032 .. 032 .007 .032 .035 .. 030 .028 
CALL .. 040 .030 .031 .035 .034 .038 .036 .031 .. 032 
• 95CIfL .. 033 .025 .. 029 .029 .. 024 .029 .032 .027 .025 
CALL .045 .0;4 .035 .. 0;9 . .037 .042 .040 .035 .0;6 
·90CIfL .029 .022 .007 .026 .021 .025 .. 029 .024 .022 
CAIiL .050 .. 037 .040 .043 ~041 .. ~6 .045 .040 .. 039 
• 85CIfL .026 .019 .024- .023 .019 .. 022 .026 .022 .020 
CAIiL .056 .041 .045 .04.8 .044 .. 051 .051 .Q4.4 .042 
.80
CIfL .023 .011 .022 .020 .016 .019 .023 .019 .017 
CAu" .061 .045 .051 .052 .047 .055 .056 .049 .046 
• 15CIfL .019 .014- .019 .016 .01; .016 .020 .016 .01; 
CAIiL .068 .049 .057 .057 .051 ·090 .063 .054- .050 
.. 7°CIfL .. 016 .012 .016 .014- .Oll .013 .017 .014- .011 
CArlL .074- .053 .064- .062 .055 .064 .010 .059 .054-
· 65CIfL .013 .010 .014 .011 ·009 .010 .014- .Oll ·009 
CAIiL .081 .058 ·071 .067 .059 .068 .. 071 .065 .059 
.60
CIfL .010 ·007 .Oll ·009 ·007 .008 .Oll ·009 .. 007 
CAI;L .088 .062 .080 .012 .063 ·073 .085 ·070 .063 
.. 55CIfL .008 .006 .. 009 .. 007 .005 .006 .009 .. 007 .. 006 
CAI;L ·095 .066 .088 .077 .067 .078 .. 092 ·076 .061 
.. 50C LL .006 .004 .001 .005 .004 .005 .001 .005 .004 B 

